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Abstract: 

Compounds of the formula 
<CHEM> 

wherein R<1 > represents alkoxycarbonyl, aralkoxycarbonyl, alkanoyl, 
cycloalkylcarbonyl, aralkanoyl, aroyl, heterocyclylcarbonyl, alkylsulphonyl, 
arylsulphonyl, monoaralkylcarbamoyl, cinnamoyl or alpha 
-aralkoxycarbonylaminoalkanoyl and R<2> represents hydrogen or R<1> and 
R<2> together with the nitrogen atom to which they are attached represent a 
cyclic imide group of the formula 
<CHEM> 

in which P and Q together represent an aromatic system; R<3> represents alkyl, 
cycloalkyl, aryl, aralkyl, heterocyclylalkyl, cyanoalkyl, alkylsulphinylalkyl, 
carbamoylalkyl or alkoxycarbonylalkyl or, when n stands for zero, R<3> can also 
represent alkylthioalkyl or, when n stands for 1, R<3> can also represent 
alkylsulphonylalkyl; R<4> represents alkyl, cycloalkyl, cycloalkylalkyl, aryl or 
aralkyl; R<5> represents hydrogen and R<6> represents hydroxy or R<5> and 
R<6> together represent oxo; R<7> and R<8> together represent a trimethylene 
or tetramethylene group which is optionally substituted by hydroxy, 
alkoxycarbonylamino or acylamino or in which one -CH2- group is replaced by 
-NH-, -N(alkoxycarbonyl)-, -N(acyl)- or -S- or which carries a fused cycloalkane, 
aromatic or heteroaromatic ring; and R<9> represents alkoxycarbonyl, 
monoalkylcarbamoyl, monoaralkylcarbamoyl, monoarylcarbamoyl or a group of 
the formula 
<CHEM> 

in which R<1><0> and R<1><1> each represent alkyl; 

and their pharmaceutical ly acceptable acid addition salts inhibit proteases of 
viral origin and can be used as medicaments for the treatment or prophylaxis of 
viral infections. They can be manufactured according to generally known 
procedures. 
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© Amino acid derivatives. 



© Compounds of the formula 



R 2 R 4 <2>n R 7 



T I tV 

» U S \ 6 Is 



* Nai^ N KH / V fH^ 



R" 



wherein R 1 represents alkoxycarbonyl, aralkoxycarbonyl. alkanoyl, cycloalkylcarbonyl, aralkanoyl. aroyl. 
w heterocyclylcarbonyl. alkylsulphonyl, arylsulphonyl, monoaralkylcarbamoyl. cinnamoyl or o-aralkoxycar- 
& bonylaminoalkanoyl and R 2 represents hydrogen or R 1 and R 2 together with the nitrogen atom to which they 
are attached represent a cyclic imide group of the formula 
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(a) 



in which P and Q together represent an aromatic system; R 3 represents alkyl, cycioaikyl, aryl, aralkyl, 
heterocyclyiaikyl, cyanoalkyl. alkylsulphinylalkyl, carbamoylalkyl or alkoxycarbonylaikyl or, when n stands 
for zero, R 3 can also represent alkylthioaikyl or, when n stands for 1, R 3 can also represent alkylsulphonylal- 
kyl; R 4 represents alkyl, cycioaikyl, cycloalkylalkyl, aryl or aralkyl; R 5 represents hydrogen and R 6 
represents hydroxy or R 5 and R 6 together represent oxo; R 7 and R 8 together represent a trimethylene or 
tetramethylene group which is optionally substituted by hydroxy, alkoxycarbonylamino or acylamino or in 
which one -CHa- group is replaced by -NH-, -N(alkoxycarbonyl)-, -N(acyl)- or -S- or which carries a fused 
cycloalkane, aromatic or heteroaromatic ring; and R 9 represents alkoxycarbonyl. monoalkylcarbamoyl, 
monoaralkylcarbamoyl, monoarylcarbamoyl or a group of the formula 



in which R t0 and R 11 each represent alkyl; 

and their pharmaceutically acceptable acid addition salts inhibit proteases of viral origin and can be used as 
medicaments for the treatment or prophylaxis of viral infections. They can be manufactured according to 
generally known procedures. 




(b) 
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Amino Acid Derivatives 
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The present invention is concerned with amino acid derivatives. 

The amino acid derivatives provided by the present invention are compounds of the generai formula 



f i 4 Tv R ' 



8 



I* R 5 V k J 



wherein n stands for zero or 1; R 1 represents alkoxycarbonyl, aralkoxycarbonyl, alkanoyl, cycloalkylcar- 
bonyl, aralkanoyl, aroyl, heterocyclylcarbonyl. aikylsulphonyl, arylsulphonyl, monoaralkylcarbamoyi. cin- 
15 namoyi or o-araikoxycarbonylamino-aikanoyl and R 2 represents hydrogen or R 1 and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imide group of the formula 



I N- 

V 



25 O 

in which P and Q together represent an aromatic system; R 3 represents alkyl, cycloalkyl, aryl, araikyl, 
heterocyclylalkyl, cyanoaikyl, aikylsulphinylalkyl, carbamoyiaikyl or alkoxycarbonylalkyl or. when n stands 
for zero, R 3 can also represent aikylthioalkyl or, when n stands for 1, R 3 can also represent alkylsulphonylal- 
kyl; R 4 represents alkyl, cycloalkyl, cycloalkylalkyl, aryl or araikyl; R 5 represents hydrogen and R 6 
represents hydroxy or R 5 and R 6 together represent oxo; R 7 and R 8 together represent a trimethylene or 
tetramethylene group which is optionally substituted by hydroxy, alkoxycarbonylamino or acylamino or in 
which one -CH 2 - group is replaced by -NH-, -N(alkoxycarbonyi)-, -N(acyl)- or -S- or which carries a fused 
cycloalkane, aromatic or heteroaromatic ring; and R 9 represents alkoxycarbonyl, monoalkylcarbamoyl. 
monoaralkylcarbamoyi, monoaryl- carbamoyl or a group of the formula 

HH CO 

„ -CO CH NH R 11 



in which R t0 and R 11 each represent alkyl; 

and pharmaceutical^ acceptable acid addition salts thereof. 

The compounds of formula I and their pharmaceutical^ acceptable acid addition salts are novel and 
possess valuable pharmacological properties. In particular, they inhibit proteases of viral origin and can be 
used in the prophylaxis or treatment of viral infections, particularly of infections caused by HIV and other 
retroid viruses. 

u Objects of the present invention are the compounds of formula I and their aforementioned salts per se 
and for use as therapeutically active substances, a process for the manufacture of said compounds and 
salts, intermediates used in said process, medicaments containing said compounds and salts, the use of 
said compounds and salts in the control or prevention of illnesses, especially in the treatment or prophylaxis 
of viral infections, and the use of said compounds and salts for the manufacture of medicaments for the 
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treatment or prophylaxis of viral Infections. 

As used in this Specification, the term "alky!", alone or in combination, means a straight-chain or 
branched-chain aikyl group containing a maximum of 8, preferably a maximum of 4, carbon atoms such as 
methyl, ethyl, n-prolyl, isopropyl, n-butyl. isobutyl, seabutyl, tertbutyl, pentyl, hexyl and the like. The term 

5 "alkoxy", alone or in combination, means an aikyl ether group in which the term "alkyi" has the significance 
given earlier, such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, seabutoxy, tertbutoxy 
and the like. The term "cycloalkylaikyr means an alkyi group as defined earlier which is substituted by a 
cycloalkyl group containing 3-8, preferably 3-6, carbon atoms such as cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl and the like. The term "aryi", alone or in combination, means a phenyl or naphthyl group which 

10 optionally carries one or more substituents selected from alkyi, alkoxy, halogen, hydroxy, amino and the 
like, such as phenyl, p-tolyl, 4-methoxyphenyl, 4-tert.butoxyphenyl, 4-fluorophenyl, 4-chlorophenyl, 4- 
hydroxyphenyl, 1 -naphthyl, 2-naphthyl etc. The term "aralkyr, alone or in combination, means an aikyl 
group as defined earlier in which one hydrogen atom is replaced by an aryl group as defined earlier, such 
as benzyl, 2-phenylethyl and the like. The term "aralkoxy carbonyl", alone or in combination, means a 

is group of the formula -C(0)-0-aralkyl in which the term "aralkyl" has the significance given earlier, such as 
berizyloxycarbonyl etc. The term "alkanoyl", alone or in combination, means an acyl group derived from an 
alkanecarboxylic acid such as acetyl, propionyl, butyryl, valeryl, 4-methylvaleryl etc. The term 
"cycloaikylcarbonyr means an acyl group derived from a monocyclic or bridged cycloalkanecarboxylic acid 
such as cyclopropanecarbonyl, cyciohexanecarbonyl, adamantanecarbonyl etc or from a benz-fused mon- 

20 ocyclic cycloalkanecarboxylic acid which is optionally substituted by, for example, aikanoylamino, such as 
1Z3,4-tetrahydro-2-naphthoyi, 2-acetamido-1^.3,4-tetrahydro-2-naphthoyl. The term "aralkanoyl" means an 
acyl group derived from an aryl-substituted alkanecarboxylic acid such as phenylacetyl, 3-phenylpropionyl 
(hydrocinnamoyl), 4-phenylbutyryl, (2-naphthyl)acetyl, 4-chlorohydrocinnamoyl, 4-aminohydrocinnamoyl, 4- 
methoxyhydrocinnamoyl etc. The term "aroyi" means an acyl group derived from an aromatic carboxylic 

25 acid; for example an optionally substituted benzoic or naphthoic acid such as benzoyl, 4-chlorobenzoyl, 4- 
carboxybenzoyl, 4-<benzyloxycarbonyl)benzoyl, 1-naphthoyl, 2-naphthoyl, 6-carboxy-2 naphthoyl, 6- 
(benzyloxycarbonyl)-2-naphthoyl, 3-benzyloxy-2-naphthoyl, 3-hydroxy-2-naphthoyl, 3-(benzyloxyformamido)- 
2-naphthoyl etc. The heterocyclyl portion of a heterocyciylcarbonyi or heterocyclylalkyl group is a saturated, 
partially unsaturated or aromatic monocyclic, bicyclic or tricyclic heterocycle which contains one or more 

30 hetero atoms selected from nitrogen, oxygen and sulphur, which is optionally substituted on one or more 
carbon atoms by halogen, aikyl, alkoxy, oxo etc and/or on a secondary nitrogen atom {i.e. -NH-) by aikyl, 
aralkoxycarbonyl, aikanoyf, phenyl or phenyialkyl or on a tertiary nitrogen atom (i.e. = N-) by oxido and 
which is attached via a carbon atom. Examples of such heterocyclyl groups are pyrrolidinyl, piperidinyl, 
piperazinyi, morpholinyl, thiamorpholinyl, pyrrolyl, imidazolyl (e.g. imidazol 4-yl. 1- 

35 benzyloxycarbonylimidazoi-4-yl, etc), pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, furyl, thienyl, triazolyl, ox- 
azolyl, thiazolyl, indolyl (e.g. 2-indolyl etc), quinolyl (e.g. 2-quinolyl, 3-quinolyl, 1-oxido-2-quinolyl etc), 
isoquinolyl (e.g. 1-isoquinolyl, 3-isoquinolyl etc), tetrahydroquinolyl (e.g. 1 ,2,3,4-tetrahydro-2-quinolyl etc), 
1,2,3,4-tetrahydroisoquinolyl (e.g. 1,2.3,4-tetrahydro-l-oxo-isoquinolyl etc), quinoxalinyl, 0-carbolinyl and the 
like. The term n halogen B means fluorine, chlorine, bromine or iodine. 

40 A cinnamoyl group denoted by R 1 can be unsubstituted or can carry on the phenyl ring one or more 
substituents selected from aikyl, alkoxy, halogen, nitro and the like. 

The aromatic system denoted by P and Q together in formula (a) given earlier can be monocyclic (e.g. 
1,2-phenylene or thienylene) or polycyclic (e.g. 1 ,2-naphthylene, 2,3-naphthylene, 1 ,8-naphthylene, 2,3- 
anthrylene etc) and can be unsubstituted or substituted by one or more substituents selected from aikyl, 

45 alkoxy, halogen and the like. 

As mentioned earlier, a trimethylene or tetramethylene group denoted by R 7 and R 8 together can be 
optionally substituted by a hydroxy group or an alkoxycarbonylamino group (e.g. tertbutoxycarbonylamino) 
or an acylamino group (i.e. an aikanoylamino, cycloalkylcarbonylamino, araikanoylamino or aroylamino 
group). Alternatively, one -CH2- group of a trimethylene or tetramethylene group denoted by R 7 and R 8 

so together can be replaced by -NH-, -N(aikoxycarbonylh for example -N(tert.butoxycarbonyl)-, -N(acyl)- or -S- 
. When a trimethylene or tetramethylene group denoted by R 7 and R 8 together carries a fused cycioalkane 
ring, this can be, for example, a fused cycioalkane ring containing 3-6 carbon atoms such as a fused 
cyclopentane, cyclohexane or like ring and when the trimethylene or tetramethylene group carries a fused 
aromatic or heteroaromatic ring, this can be, for example, a fused benzene, indole or thiophene ring which 

55 can be optionally substituted on one or more carbon atoms by halogen, alkyi, alkoxy etc. Thus, -N(R 7 )-CH- 
(R 8 )(R 9 ) can represent, for example, one of the following groups: 
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wherein fl 9 has the significance given earlier. R 12 represents hydrogen, hydroxy, alkoxycarbony(amino or 
acylamino, R 13 represents hydrogen, alkoxycarbonyl or acyl. m stands for 1 or 2 and p stands for 1 or 2. 

The pharmaceutical acceptable acid addition salts of the compounds of formula I are salts formed with 
inorganic acid, for example hydrohalic acids such as hydrochloric acid or hydrobromic acid, sulphuric acid, 
nitric acid, phosphoric acid etc, or with organic acids, for example acetic acid, citric acid, maleic acid, 
fumaric acid, tartaric acid, methanesuiphonic acid, p-toluenesulphonic acid etc. 

The compounds of formula I contain at least three asymmetric carbon atoms and are therefore present 
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in the form of optically pure diastereoisomers, mixtures of diastereoisomers, diastereoisomeric racemates or 
mixtures of diastereoisomeric racemates. The present invention includes within its scope aJi of these forms. 

One particular group of compounds of formula I comprises those in which n stands for zero, R 3 
represents alkyi, cycloalkyl, % aryl, aralkyl, heterocyclylalkyl, cyanoalkyl. alkyfthioaikyl, carbamoylalkyl or 
aikoxycarbonylalkyl and R 7 and R 8 together represent a trimethylene or tetramethylene group in which one 
-CH 2 -group can be replaced by -NH- or -S- or which can carry a fused cycloalkane, aromatic or 
heteroaromatic ring. 

In the compounds of formula I hereinbefore, preferably R 1 represents alkoxycarbonyl, aralkoxycarbonyl, 
alkanoyl, cycloalkylcarbonyl, araikanoyl, aroyl. heterocyclylcarbonyl or oraralkoxycarbonylamino-alkanoyl, 
especially benzyloxycarbonyl, 2-naphthoyl, l-hydroxy-2-naphthoyl, 3«hydroxy-2-naphthoyl, 3-benzyloxy-2- 
naphthoyl, 2-quinolylcarbonyl or 3-quinolylcarbonyl, and R 2 represents hydrogen. R 3 preferably represents 
alkyi, cyanoalkyl, alkylthioaikyl or carbamoylalkyl, especially cyanomethyl, methylthiomethyl or carbamoyl- 
methyl. R 4 preferably represents aralkyl, especially benzyl. Preferably, R s represents hydrogen and R 6 
represents hydroxy. Preferably, -N(R 7 )-CH(R 8 )(R 9 ) represents one of the groups of formulae (c) to 0) 
hereinbefore, especially a group of formula (c) in which R 12 represents hydrogen and m stands for 2 or R 12 
represents tert.butoxycarbonylamino and m stands for 1, a group of formula (d) in which R 13 represents 
tertbutoxycarbonyl, a group of formula (e) in which m stands for 1, a group of formula (0 in which m and p 
both stand for 1, or a group of formula (g). (i) or fl). With respect to R 9 , this preferably represents 
alkoxycarbonyl, especially tertbutoxycarbonyl, monoalkylcarbamoyl, especially isobutylcarbamoyl or 
tertbutylcarbamoyl, or a group of formula (b), especially one in which R 10 represents sec.butyl and R" 
represents isobutyl. 

From the foregoing it will be appreciated that particularly preferred compounds of formula I are those in 
which R 1 represents benzyloxycarbonyl, 2-naphthoyl, 1-hydroxy-2-naphthoyl. 3-hydroxy-2-naphthoyl t 3- 
benzyloxy-2-naphthoyl, 2-quinolylcarbonyl or 3-quinolylcarbonyl and R 2 represents hydrogen, R 3 represents 
cyanomethyl, methylthiomethyl or carbamoylmethyl, R 4 represents benzyl, R 5 represents hydrogen and R 8 
represents hydroxy and -N(R 7 )-CH(R 8 )(R 9 ) represents a group of formula (c) hereinbefore in which R 12 
represents hydrogen and m stands for 2 or R 12 represents tertbutoxycarbonylamino and m stands for 1 , a 
group of formula (d) hereinbefore in which R 13 represents tertbutoxycarbonyl, a group of formula (e) 
hereinbefore in which m stands for 1, a group of formula (0 hereinbefore in which m and p both stand for 1 
or a group of formula (g), (i) or (j) hereinbefore and R 9 represents tertbutoxycarbonyl, isobutylcarbamoyl, 
tertbutylcarbamoyl or a group of formula (b) in which R t0 represents sec.butyl and R" represents isobutyl. 

Especially preferred compounds of formula I are: 
^^(SJ-ttN-tbenzyloxycarbonylJ-L-asparaginyllaminol^R or S)-hydroxy-4-phenylbutylhN , -tert.butyl-L-pro- 
linamide, 

N^PCSJ-tlN-^enzyloxycarbonyO-L-asparaginyllaminol^R or S)-hydroxy-4-phenylbutylhNMsobutyl-L-pro- 
linamide, 

*H3(SH[NKbenzyloxy<^bonyl)-L-aspara 
thiazolidlnecarboxamide, 

N-tertbutyl 1-[2(R)-hydroxy-4~phenyi-3(SH[N-(2^ 
piperidinecarboxamide, 

1-[3(S)-[[N-(benzyloxy<^bonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbuty 

(3aS,6aS)-cyc!openta[b]pyrrole-2(S)-carboxamide, 

H3(SH[N-benzyloxyrarbonylH-aspa^ 

piperidinecarboxamide, 

2^3(SHlN-(benzyloxycarbonylK-asp^ 

tetrahydropyrido[3,4-b]indole-1 -carboxamide, 

N-tertbutyl-3-[2(R)-hydroxy-3(SH[^ 

thiazolidlnecarboxamide, 

NMerU)utyl-NM2(R)-hydroxy^ 

oxide, 

H3(S)-[[N-(benzyloxycar1ionyl)-3-cyano-L-aIanyl]amino-2(R)-hydroxy 
piperidinecarboxamide, 

H3(S)-t[N-(benzyloxycaibonyl)-L-asparaginyl]aminoh2(R)-hydroxy-4-ph 
tertbutyh2(R or S)-piperazinecarboxamide. 
H3(S)%N-(benzyloxycarbonyl)-3^ 

(tertJjutoxycarbonyl)-N-tertbutyl-2(R or S)-piperazinecarboxamide, 
^3(S)^N-beruyloxycarbonyl)-L-asparaginyl]aminoh2(R)-hydrox^ 
(tertiDutoxyformamidoJ-N^tertbutyl-L-proIinamide, 
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H3(S)^N-(3-benzyloxy-2^aphthoy^ 2(S)- 
piperidinecarboxamide, 

N-tert±>utyM-[2(R)-hydroxy^phenyl-3(SH[^ 
piperidinecarboxamide 1 -oxide, 
5 N-tertbutyl 1-[3(SM[N-(34iydroxy-2-naphthoyl^^^ 
piperidinecarboxamide, 

1rans-2-[3(S)-[[N-(ben2ylo>cycarbonyl-L-asparaginyl]amino>2(R^ 

decahydroK < ^.8aS)-isoquinoline-3(S)-carboxamide, 

4-(tertbutoxycaiftonyl)-N-tertbu^ 
to amino]butylh2(R or S)-piperazinecarboxamide, 

N-tert.butyl-1 -[2(R)-hydroxy-3($M[N-{1 -hydroxy-2-naphthoy l)-L-asparaginyi]amino3-4.phenyibutyl>2(S)- 

piperidinecarboxamide, 

trans-N-tertbutyl-decahydro-2-[2(R)-hydro^ 

butyl>(4aR,8aSHsoQuinoline-3(S)-carboxamide and 
15 N-tert.butyM-[2(R)-hydroxy-4-pheny^ 

piperidinecarboxamide. 

The most preferred compounds of formula I are: 

N-tertButyM-[2(R)-hydroxy-3<SH[N^ 

piperidinecarboxamide, 
20 N-tertbutytotahydro-H2(R)-hydrox^ 

(3aS,6aS)-cycIopentatb]pyrro!e-2(S)-carboxamide and 

N-tertbutyM,2,3.4-tetrahydro-2^2(R)-hv^^^ 

butyl]pyrido(3,4-b]indole-t(R or S)-carboxamide. 

According to the process provided by the present invention, the compounds of formula I hereinbefore 
25 and their pharmaceutical^ acceptable acid addition salts are manufactured by 

(a) for the manufacture of a compound of formula I in which n stands for zero, reacting a compound 

of the general formula 



30 



40 



50 



R 4 B 7 
CH CH, N R 8 



35 R 5 R' 



wherein R 4 , R 5 , R 6 , R 7 , R 8 and R 9 have the significance given earlier, 
with an acid of the general formula 



R 2 

r1 - n x hi 

CH COOH 



55 



wherein R\ R 2 and R 3 have the significance given earlier, 
or a reactive derivative thereof, or 

(b) for the manufacture of a compound of formula I in which n stands for zero, R 5 represents 
hydrogen and R 6 represents hydroxy, reducing a compound of formula I in which n stands for zero and R s 
and R 6 together represent oxo, or 
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(c) for the manufacture of a compound of formula I in which n stands for zero and R 1 represents 
alkanoyl, cycloafkytcarbonyl, aralkanoyi, aroyl, heterocydylcarbonyl. aikylsuiphonyl, arylsulphonyl, cin* 
namoyl or a-araikoxycarbonylaminoalkanoyl and R 2 represents hydrogen or R 1 and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imide group of formula (a) hereinbefore, 
reacting a compound of the general formula 



R 4 .7 



I 



R 

8 



H 2 N ^ ^ C °V / CH \ ^ CH 2— V ^ R 



R 3 RS^V !• 



wherein R 3 , R 4 ,R 5 ,R G ,R 7 , R 8 and R 9 have the significance given earlier, 

with an agent yielding an alkanoyi, cyctoalkylcarbonyl, aralkanoyi, aroyl, heterocydylcarbonyl, aikylsui- 
phonyl, arylsulphonyl, cinnamoyl or o-araikoxycarbonylamino-alkanoyl group or with an agent forming a 
cyclic imide group of formula (a) hereinbefore, or 

(d) for the manufacture of a compound of formula I in which n stands for zero and R 1 represents 
monoaralkylcarbamoyl and R 2 represents hydrogen, reacting a compound of formula IV hereinbefore with a 
compound pf the general formula R 1 -N = C = 0 V 

wherein R 1 represents aralkyl, 
or 

(e) for the manufacture of a compound of formula I in which R 3 represents alkylsulphinylalkyi and n 
stands for zero, oxidizing a compound of formula I in which R 3 represents alkyrthioalkyl and n stands for 
zero, or 

(f) for the manufacture of a compound of formula I in which n stands for 1 , oxidizing a compound of 
formula I In which n stands for zero, or 

(g) for the manufacture of a compound of formula I in which n stands for 1 and R 1 represents an 
aromatic N-heterocyclylcarbonyl N-oxide group and R 2 represents hydrogen, oxidizing a compound of 
formula I in which n stands for 1 and R 1 represents an aromatic N-heterocyclylcarbonyl group and R 2 
represents hydrogen, or 

(h) for the manufacture of a compound of formula I in which n stands for 1 and R 3 represents 
alkylsulphonylalkyl, oxidizing a compound of formula I in which n stands for 1 and R 3 represents 
alkylsulphinylalkyi, or 

(i) for the manufacture of a compound of formula I in which R 1 represents carboxy-substituted aroyl, 
hydroxy-substituted aroyl or hydrocinnamoyl and R 2 represents hydrogen, catalyticaily hydrogenating a 
compound of formula I in which R 1 represents benzyloxycarbonyl-substituted aroyl, benzyloxy-substituted 
aroyl or dnnamoyl and R 2 represents hydrogen, or 

0) for the manufacture of a compound of formula I in which R 3 represents imidazol-4-yl and/or R* 
represents hydroxy-substituted aryl or hydroxy-substituted aralkyl and/or R 7 and R 8 together represent a 
trimethylene or tetramethylene group in which one -CH2- group is replaced by -NH-, treating a compound of 
formula I in which R 3 represents 1-(benzyloxycarbonyl)-imidazol-4-yl and/or R 4 represents tertbutoxy- 
substituted aryl or tertbutoxy-substituted aralkyl and/or R 7 and R 8 together represent a trimethylene or 
tetramethylene group in which one -CH 2 - group is replaced by N(tertbutoxy carbonyl)- with a strong acid, 
or 

(k) for the manufacture of a compound of formula I in which R 7 and R 8 together represent a 
trimethylene or tetramethylene group which is substituted by acylamino or in which one -CH 2 - group is 
replaced by -N(acyl)-, acyiating a compound of the general formula 
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if s\ 



VI 



9 



,0 wherein n, R\ R 2 . R 3 , R 4 , R 5 , R 8 and R 9 have the significance given earlier and R 7 and R 8 together 
represent a trimethylene or tetramethylene group which is substituted by amino or in which one -CH 2 - 
group is replaced by -NH-, 
and/or 

(I) if desired, separating a mixture of diastereoisomeric racemates into the diastereoisomeric 
75 racemates or optically pure diastereoisomers. and/or 

(m) if desired, separating a mixture of diastereoisomers into the optically pure diastereoisomers, 

and/or 

(n) if desired, converting a compound of formula I obtained into a pharmaceutical^ acceptable acid 
addition salt 

20 

The reaction of a compound of formula II with an acid of formula III in accordance with embodiment (a) 
of the process can be carried out in accordance with methods known per se in peptide chemistry. Thus, 
when an acid of formula III is used, the reaction is preferably carried out in the presence of a condensation 
agent such as hydroxybenzotriazole and dicyclohexylcarbodiimide. This reaction is conveniently carried out 

25 in an inert organic solvent such as an ether (e.g. diethyl ether, tetrahydro furan etc) or dimethylformamide at 
a low temperature, suitably at about -10* C to + 5*C and especially at about 0*C. Suitable reactive 
derivatives of acids of formula III which can be used are, for example, the corresponding acid halides (e.g. 
acid chlorides), acid anhydrides, mixed anhydrides, activated esters etc. When a reactive derivative is used, 
the reaction is conveniently carried out in an inert organic solvent such as a haiogenated aliphatic 

30 hydrocarbon (e.g. dichloromethane etc) or an ether (e.g. diethyl ether, tetrahydrofuran etc) and, where 
appropriate, in the presence or an organic base (e.g. N-ethylmorpholine, diisopropylethylamine etc) at a low 
temperature, suitably at about -10* C to +5* C and especially at about 0* C. 

The reduction of a compound of formula I in which R s and R 6 together represent oxo in accordance 
with embodiment (b) of the process can be carried out according to methods known per se for the reduction 

35 of a carbonyl group to a hydroxy group. Thus, for example, the reduction can be carried out using a 
complex metal hydride such as an alkali metal borohydride, especially sodium borohydride, in an 
appropriate organic solvent such as an alkanol (e.g. methanol, ethanol, propanol, isopropanol etc). Conve- 
niently, the reduction is carried out at about room temperature. 

In accordance with embodiment (c) of the process, suitable agents which yield an alkanoyl, cycloalkyl- 

40 carbonyl. aralkanoyl, aroyl, heterocyclylcarbonyl, alkylsulphonyl, cinnamoyl or a-aral- 
koxycarbonylaminoalkanoyl group are the corresponding acids or reactive derivatives thereof such as the 
corresponding acid halides (e.g. acid chlorides), acid anhydrides, mixed anhydrides, activated esters etc 
and suitable agents which form a cyclic imide group of formula (a) hereinbefore are compounds of the 
formula HOOC-P-Q-COOAralkyl in which P and Q have the significance given earlier. The reaction of a 

45 compound of formula IV with the aforementioned agents is carried out in the same manner as that 
described earlier in connection with embodiment (a) of the process. In the reaction of a compound of 
formula IV with a compound of the formula HOOOP-Q-COOAralkyl. the initially formed reaction product 
spontaneously loses a molecule of aralkanol (HO-Aralkyl) with the formation of the cyclic imide group. 

The reaction of a compound of formula IV with a compound of formula V in accordance with 

50 embodiment (d) of the process can be carried out in a manner known per se. Thus, the reaction is 
conveniently carried out in an inert organic solvent such as a haiogenated aliphatic hydrocarbon (e.g. 
dichloromethane etc) at a temperature between about (fc and room temperature, preferably at room 
temperature. 

The oxidation in accordance with embodiments (e), (f). (g) and (h) of the process can be carried out 
56 according to known procedures. The oxidation is preferably carried out using an organic peracid such as 
peracetic acid, perbenzoic acid, a haloperbenzoic acid such as m-chloroperbenzoic acid, perphthalic acid or 
the like, although it can also be carried out using hydrogen peroxide. The oxidation is conveniently carried 
out in the presence of an organic solvent which is inert under the reaction conditions, for example an 
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alkanol such as methanol, ethanol etc, a halogenated hydrocarbon such as methylene chloride etc, and the 
like. The oxidation can be carried out within a wide temperature range, for example a range between about 
-70* C and about room temperature. 

The catalytic hydrogenation in accordance with embodiment (i) of the process can be carried out in a 

5 known manner. Conveniently, the catalytic hydrogenation is carried out in the presence of a noble metal 
catalyst, preferably a palladium catalyst such as palladium-on-carbon, and in an inert organic solvent (e.g. 
an alkanol such as ethanol, isopropanoi etc) at about room temperature and under atmospheric pressure. 
When a compound of formula I in which R 1 represents nitro-substituted cinnamoyl and R 2 represents 
hydrogen is catalytically hydrogenated according to this embodiment then there is obtained a compound of 

10 formula I in which R 1 represents amino-substituted hydrocinnamoyl and R 2 represents hydrogen. 

Embodiment (j) of the process can be carried out using a strong inorganic acid, for example a 
hydrohalic acid such as hydrogen chloride or hydrogen bromide, or a strong organic acid, for example a 
halogenated alkanecarboxylic acid such as trifluoroacstic acid and the like. This embodiment can be carried 
out according to known procedures; for example in the presence or absence of an inert organic solvent (e.g. 

75 an alkanecarboxylic acid ester such as ethyl acetate etc) and at a temperature between about 0*C and 
about room temperature, preferably at about room temperature. 

The acylation of a compound of formula VI in accordance with embodiment (k) of the process can be 
carried out according to methods known per se. Conveniently, the acylation is carried out using an acyl 
halide such as an acyl chloride or bromide in the presence of an inert organic solvent such as 

20 dimethylfbrmamide etc and at a temperature between about 0* C and room temperature. In place of an acid 
halide there can, of course, also be used a different reactive acid derivative such as an acid anhydride or 
the like. 

The optional separations in accordance with embodiments (I) and (m) of the process can be effected 
according to conventional methods; for example, by column chromatography, thin-layer chromatography, 
25 high pressure liquid chromatography etc. 

The conversion of a compound of formula I into a pharmaceutical^ acceptable acid addition salt in 
accordance with embodiment (n) of the process can be carried out by treating such a compound in a 
conventional manner with an inorganic acid, for example a hydrohalic acid such as hydrochloric acid or 
hydrobromic acid, sulphuric acid, nitric acid, phosphoric acid etc, or with an organic acid such as acetic 
30 acid, citric acid, maleic acid, fumaric acid, tartaric acid, methanesulphonic acid, p-toluenesuiphonic acid etc. 

The compounds of formula II which are used as starting materials in embodiment (a) of the process are 
novel and also form an object of the present invention. 

The compounds of formula II can be prepared, for example, by reacting a compound of the general 
formula 



45 wherein R 4 has the significance given earlier, R u represents an amino-protecting group (e.g. 
tertbutoxycarbonyl or benzyloxycarbonyl) and X represents a chlorine or bromine atom, 
with a compound of the general formula 



35 





so 
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wherein R 7 , R 8 and R 9 have the significance given earlier, 

and either cleaving off the group R 14 from the resulting compound of the general formula 



10 



5 




IX 



wherein R 4 , R 7 , R 8 , R 9 and R 14 have the significance given earlier, 

to give a compound of formula li in which R 5 and R 6 together represent oxo or reducing the compound of 
75 formula IX and cleaving off the group R 14 from the resulting compound of the general formula 



wherein R 4 , R 7 , R 8 , R 9 and R u have the significance given earlier, 

to give a compound of formula II in which R s represents hydrogen and R 6 represents hydroxy. 

The reaction of a compound of formula VII, preferably one in which R 14 represents benzyloxycarbonyl, 
with a compound of formula VIII can be carried out in a known manner; for example, in an inert organic 
solvent such as a halogenated aliphatic hydrocarbon (e.g. dichloromethane etc) and in the presence of a 
base (e.g. a trialkylamine such as triethylamine etc), conveniently at about room temperature. 

The cleavage of the group R 14 from a compound ,of formula IX can also be carried out in a known 
manner; for example, using a strong inorganic acid such as a hydrohalic acid or a strong organic acid (e.g. 
trifluoroacetic acid etc), conveniently at about 0*C to about room temperature. Alternatively, a 
hydrogenolytically-cleavable amino-protecting group R 14 can be cleaved off using hydrogen in the presence 
of a noble-metal catalyst (e.g. a palladium catalyst such as pailadium-on-carbon) in an organic solvent or 
solvent mixture which is inert under the reaction conditions (e.g. an alkanol such as ethanol, isopropanoi etc, 
an alkanecarboxyiic acid ester such as ethyl acetate, etc) and conveniently at about room temperature. 

The reduction of a compound of formula IX to give a compound of formula X can be carried out as 
described earlier in connection with the reduction of a compound of formula I in which n stands for zero and 
R 5 and R 8 together represent oxo in accordance with embodiment (b) of the process of the invention. 

The cleavage of the group R 14 from a compound of formula X can be carried out in a manner 
analogous to that described earlier in connection with the cleavage of the group R 14 from a compound of 



A further method for the preparation of compounds of formula II in which R s represents hydrogen and 
R 6 represents hydroxy comprises firstly reacting a compound of the general formula 



20 




25 



45 



formula IX. 



50 



55 




wherein R 4 and R 14 have the significance given earlier, 
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with a compound of formula Vlll hereinbefore, conveniently in an inert organic solvent such as an aikanol 
(e.g. methanol etc), dimethylformamide or the like and at an elevated temperature, conveniently at about 
60* C to about 120* C, and then cleaving off the group R H in the reaction product (a compound of formula 
X hereinbefore) as described earlier. * 

s The compounds of formula IV which are used as starting materials in embodiments (c) and (d) of the 
process are novel and form a further object of the present invention. 

The compounds of formula IV can be prepared, for example, by cleaving off the benzyloxycarbonyl or 
tertbutoxycarbonyl group R* from a compound of formula I in which n stands for zero, R 1 represents 
benzyloxycarbonyl or tertbutoxycarbonyl and R 2 represents hydrogen. This cleavage is carried out in a 

10 manner analogous to that described earlier in connection with the cleavage of the group R u from a 
compound of formula IX. , , 

The compounds of formula VI wherein R 7 and R 8 together represent a trimethyiene or tetramethylene 
group in which one -CH2- group is replaced by -NH-, which are used as starting materials in embodiment 
(k) of the process, are a sub-group of compounds of formula I. The compounds of formula VI wherein R 7 

75 and R 8 together represent a trimethyiene or tetramethylene group which is substituted by amino, which are 
also used as starting materials in embodiment (k) of the process, are novel and also form an object of the 
present invention. They can be prepared, for example, by cleaving off the alkoxycarbonyl group from a 
compound of formula I in which R 7 and R 8 together represent a trimethyiene or tetramethylene group which 
is substituted by aikoxycarbonylamino. The cleavage can be carried out according to conventional 

20 procedures; for example, by treatment with an acid such as a hydrogen halide (e.g. hydrogen chloride) in 
an inert organic solvent (e.g. an alkanecarboxyllc acid ester such as ethyl acetate etc). 

The starting materials of formula III and their reactive derivatives, the starting materials of formula V as 
well as the compounds of formulae VII, Vlll and XI hereinbefore, insofar as they are not known compounds 
or analogues of known compounds, can be prepared in a similar manner to the known compounds or as 

25 described in the Examples hereinafter or in analogy thereto. Moreover, the agents used in embodiment (c) 
of the process are generally known compounds. 

As mentioned earlier, the compounds of formula I and their pharmaceutical^ acceptable acid addition 
salts inhibit proteases of viral origin and are useful in the treatment or prophylaxis of viral infections, 
particularly of infections caused by HIV and other retroid viruses. 

30 The in vitro inhibition of HIV protease by the compounds provided by the present invention can be 
demonstrated by means of the following test 

HIV protease was expressed in E. coli and partially purified from soluble extracts of the bacterium by 
ammonium sulphate fractionation (0-30%). Protease activity was assayed using the protected hexapeptide 
succinyl-Ser-Leu-Asn-Tyr-Pro-lle isobutylamide as the substrate. Cleavage of the substrate was quantified 

35 by measuring the production of H-Pro-lle isobutylamide by the spectrophotometric assay of N-terminal 
proline. 

1.25 mM of substrate were dissolved in 125 mM of citrate buffer (pH 5.5) containing 0.125 mg/ml of 
Tween 20. 10 ul of a solution of various concentrations of the test compound (dissolved in methanol or 
dimethyl sulphoxide and diluted with water containing 0.1% Tween 20) and 10 ul of protease were added to 

40 80 ul of the above buffered substrate. Digestion was carried out at 37* C for a fixed period of time and was 
terminated by the addition of 1 ml of colour reagent [30 ug/ml of isatin and 1.5 mg/ml of 2-(4~ 
chlorobenzoyl)benzoic acid in 10% acetone in ethanol (volJVol.)]. The solution was heated in a water bath 
and then the pigmented residues were re-dissolved in 1 ml of 1% pyrogallol in 33% water in acetone 
(wt/vol./vol.). The optical density of the solution was measured spectrophotometricaliy at 599 nm. The 

45 formation of H-Pro-lle isobutylamide in the presence of the test compound was compared with controls and 
the concentration of test compound required to give 50% inhibition (iso) was determined by means of a 
graph plotted from the various concentrations of test compound used. 

The results obtained in the foregoing test using representative compounds of formula I as the test 
compound are compiled in the following Table. 

50 
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Table 



Compound 


Iso (UM) 


A 


0.87 


B 


0.15 


C 


0.3 


D 


0.13 


E 


0.75 


F 


0.75 


G 


0.08 


H 


0.01 


1 


0.085 



Compound A: NKN-[[N-(Benzyloxycarbonyl)-L-asparaginyl]-L-pheny!alanyl]methyl]-L-proline tertbutyl 

ester. 

Compound B: N^3(S)-t[N-(B9n^loxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy^-phenylbutyl]-L- 
proline tertbutyl ester. 

Compound C: N-[3(SH[N-(Benzyloxycarbonyl)-L-asparaginyl]aminoh2(S)-hydroxy^phenylbutyl]-L- 
proline tertbutyl ester. 

Compound D: N 2 -[N-[3(S)-aN-(Benzyloxycarbonyl)-L-asparaginyl]amino]-2(R and S)-hydroxy-4- 
phenylbutylhL-prolyl>N 1 -isobutyl-L-isoleucinamide (isomer 1; Example 13). 

Compound E NMN-{3(SHlN-tN-(Benzyloxyca^ am* S)- 

hydroxy-4-phenyIbutylhL-prolylhN 1 -isobutyl-L-isoleucinamide (isomer 1; Example 14). 

Compound F: N 2 -[3(S)-[IN-(Ben2yloxycarbonyl)-L-asparaglnyl]amino]-2(R and S)-hydroxy-4- 
phenylbutylhNMsopentyl-L-prolinamide (Isomer 2; Example 17). 

Compound Q: N 2 -{3(S)-[[N-(Benzyloxycarbonyl)-L-asparaginylJaminoh2(R or S)-hydroxy-4- 
phenylbutyl]-N 1 -isobutyl-L-prolinamide (isomer 2; Example 21). 

Compound H: N-{2(R)-Hydroxy-3(SH[N-(2^aphttioyl)-L-asparaginyl]amlno] 4-phenylbutyl]-L-proline 
tertbutyl ester. 

Compound I: 2-[3(S)-[[N-(Benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutylhN- 
tert.butyl-1Z3,4-tetrahydro-3(R,S)-lsoquinolinecarboxamide. 

The compounds of formula I and their pharmaceutical^ acceptable acid addition salts can be used as 
medicaments (e.g. in the form of pharmaceutical preparations). The pharmaceutical preparations can be 
administered enterally such as orally (e.g. in the form of tablets, coated tablets, dragees, hard and soft 
gelatine capsules, solutions, emulsions or suspensions), nasally (e.g. in the form of nasal sprays) or rectally 
(e.g. in the form of suppositories). However, the administration can also be effected parenterally such as 
intramuscularly or intravenously (e.g. in the form of injection solutions). 

For the manufacture of tablets, coated tablets, dragees and hard gelatine capsules the compounds of 
formula I and their pharmaceutical^ acceptable acid addition salts can be processed with pharmaceutical^ 
inert inorganic or organic excipients. Lactose, maize starch or derivatives thereof, taic, stearic acid or its 
salts etc can be use, for example, as such excipients for tablets, dragees and hard gelatine capsules. 

Suitable excipients for soft gelatine capsules are, for example, vegetable oils, waxes, fats, semi solid 
and liquid polyols etc. 

Suitable excipients for the manufacture of solutions and syrups are, for example, water, polyols, 
saccharose, invert sugar, glucose etc. 

Suitable excipients for injection solutions are, for example, water, alcohols, polyols, glycerol, vegetable 
oils etc. 

Suitable excipients for suppositories are, for example, natural or hardened oils, waxes, fats, semi-iiquid 
or liquid polyols etc. 

Moreover, the pharmaceutical preparations can contain preserving agents, solubilizers, viscosity- 
increasing substances, stabilizing agents, wetting agents, emulsifying agents, sweetening agents, colouring 
agents, flavouring agents, salts for varying the osmotic pressure, buffers, coating agents or antioxidants. 
They can also contain still other therapeutically valuable substances. 

In accordance with the invention the compounds of formula I and their pharmaceutical^ acceptable acid 
addition salts can be used in the treatment or prophylaxis of viral infections, particularly of retroviral 
infections. The dosage can vary within wide limits and will, of course, be fitted to the individual 
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requirements in each particular case. In general, in the case of oral administration there should suffice a 
daily dosage of about 3 mg to about 3 g. preferably about 10 mg to about 1 g (e.g. approximately 300 mg 
per person), divided in preferably 1-3 unit doses, which can, for example, be of the same amount It will, 
however, be appreciated that the upper limit given above can be exceeded when this is found to be 
5 indicated. 

The following Examples illustrate the present invention. The solvent systems referred to in these 
Examples are as follows: 

System A: 5% methanol in chloroform 

System B: 10% methanol in chloroform 
10 System C: chloroform: methanol: acetic acid: water (120:15:3:2) 

System D: chloroform: methanol: acetic acid: water (90:15:3:2) 

System E: chloroform: methanol: acetic acid: water (60:18:2:3) 

System F: chloroform: methanol: acetic acid: water (240:24:3:2) 

System G: dichloro methane: methanol: acetic acid: water (120:15:3:2) 
75 System H: diethyl ethen n-hexane: methanol (47.5:47.5:5) 

System I: dichioromethane: methanol: acetic acid: water (60:18:2:3) 

System J: dichioromethane: methanol: acetic acid: water (120:15:2:3). 



20 

Example 1 



0.5 g (1.07 mmol) of N-[[N-(benzyloxycarbonyl)-L-phenylalanyl]methyl]-L-proline tettbutyl ester was 
25 dissolved in 50 ml of isopropanol and 5 ml of ethyl acetate and hydrogenated for 5 hours in the presence of 
0.406 g (2.14 mmol) of toluene-4-sulphonic acid and 50 mg of 5% palladium-on-carbon. The catalyst was 
removed by filtration and the filtrate was evaporated. The residue was taken up in 5 ml of dichioromethane 
and 5 ml of dimethylformamide and cooled in an ice/salt bath. 0.285 g (1.07 mmol) of N- 
(benzyloxycarbonyl)-L-asparagine in 25 ml of dimethylformamide was added, followed by 0.145 g (1.07 
30 mmol) of hydroxy benzotriazole, 0.221 g (1.07 mmol) of dicyclohexylcarbodiimide and 0.246 g (2.14 mmol) 
of N-ethylmorphoIine. The mixture was left to stir overnight, the separated dicyclohexylurea was removed 
by filtration and the filtrate was evaporated to dryness in a vacuum. The resulting dark brown gum was 
partitioned between ethyl acetate and water. The organic phase was washed in sequence with 5% sodium 
bicarbonate solution and saturated sodium chloride solution and then dried over sodium sulphate. The 
35 solvent was removed by evaporation and the solid was chromatographed on silica gel using 5% isopropanol 
in ethyl acetate for the elutlon. There was obtained 0.125 g of N-[N-[[N-(benzyloxycarbonyl)-L-asparaginyl]- 
L-phenylalanyl]methyll-L-proline tert.butyl ester as a pale yellow solid. 



Analysis for 


C31H40N4O7 [580.69]. 


Calculated: 


C, 64.12; H, 6.94; N, 9.65% 


Found: 


C, 63.18; H, 6.79; N, 9.8%: ash 1.2% 


Ash-free: 


C, 63.91 ;H, 6.87; N, 9.92%. 



45 The N-[IN-(benzyloxycarbonyl)-L-phenylalanyl]methy^L-proline tertbutyl ester used as the starting 
material was prepared by stirring 0.77 g of [N-(benzyloxycarbonyl)-L-phenylalanyl]methyl bromide with 0.35 
g of L-proline tertbutyl ester and 0.203 g of triethylamine in 15 ml of dichioromethane at room temperature 
overnight The solvent was removed by evaporation and the crude product was chromatographed on silica 
gel using chloroform for the elutlon to give 0.65 g of N-[[N-(ben2yloxycarbonyl)-L-phenylalanyl]methyl]-L- 

so proline tertbutyl ester as a solid of melting point 98-99* C. 



Example 2 



1.5 g (322 mmol) of N-([N-(ben2yioxycarbonyl)-L-phenylalanyl]methyll-L-proline tertbutyl ester were 
hydrogenated in 10 ml of ethyl acetate and 5 ml of isopropanol in the presence of 0.15 g of 5% palladium- 
on-carbon and 1223 g (6.44 mmol) of toluene-4-sulphonic add and the product was coupled with 124 g 
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(3.27 mmol) of N-tN-(benzyloxycarbonyl)-L-leucylhL-asparagine in the presence of 0.442 g (3.27 mmol) of 
hydroxybenzotriazole, 0.675 g (3.27 mmol) of dicycfohexylcarbodiimide and 0.753 g (6.55 mmol) of N- 
ethylmorphoBne in a an analogous manner to that described in Example 1. After working-up there was 
obtained 0.34 g of a solid which was chromatographed on silica gel using 5% isopropanol in dich- 
s loromethane for the elution. There were obtained 310 mg of N-{[N-[N-[N-(ben2yloxycarbonyl)-L-leucyl] L- 
asparaginyl]-L-phenylalanyl]methyl]-L-proline tertbutyl ester; MS: m/e 694 [M + H]\ 

The N-[N-(benzyloxycarbonyl)-L-leucylhL-asparagine used as the starting material was prepared as 
follows: 

4.5 g (12.4 mmol) of N-(benzyloxycarbonyl)-L-leucine succinimide ester were dissolved in 40 ml of 
10 dimethylformamide and the solution was coolsd in an ice/salt bath. A solution of 1.64 g (12.4 mmol) of L- 
asparagine in 3.1 ml (12.4 mmol) of 4M sodium hydroxide solution were added and subsequently 2 g (24.8 
mmol) of sodium bicarbonate were added. The mixture was stirred at room temperature for 18 hours. The 
solvent was removed by evaporation and the residue was taken up in 100 ml of water. The pH was adjusted 
to about 9.5 with 2M sodium hydroxide solution and the mixture was extracted twice with 25 ml of diethyl 
75 ether each time. The pH of the aqueous solution was adjusted to 2.5 with 3M hydrochloric acid. The solid 
crystalline product which separated from the solution was filtered off, washed with diethyl ether and dried. 
There were obtained 3.5 g of N-[N-(benzyloxycarbonyl)-L-leucyl]-L-asparagine. 



Analysis for: 


C18H25N3O6 (379.42). 


Calculated: 


C. 56.98; H, 6.64; N, 11.07% 


Found: 


C, 56.76; H, 6.62; N, 11.05%. 



25 

Example 3 



0.71 g (1.52 mmol) of N-[[N-(benzyloxy(^rix)nyl)-L-phenylalanyl]methyl]-L-proline tertbutyl ester was 
30 hydrogenated in the presence of 0.58 g (3.05 mmol) of toluene-4-sulphonic acid over 5% palladium-on- 
carbon and the product was coupled with 0.35 g (1.52 mmol) of N-(4-methylvaleryl)-L-asparagine in an 
analogous manner to that described in Example 1 . The crude product was purified by chromatography on 
silica gel using isopropanol in ethyl acetate (5%-8% gradient) for the elution. There was obtained 0.23 g of 
N-[[N-[N-(4-methylvaleryl)-L-asparaginyl]-L-phenylaIanyl]methyl>L-proline tertbutyl ester as a solid. MS: 
35 m/e545tM + Hf. 

The N-(4-methylvaleryl)-L-asparagine used as the starting material was prepared as follows: 
5.35 g (25 mmol) of 4-methyivaleric acid succinimide ester were dissolved in 40 ml of dimethylformamide 
and the solution was added to a solution, cooled in ice, of 3.3 g (25 mmol) of L-asparagine in 6.25 ml (25 
mmol) of 4M sodium hydroxide solution and 5 ml of dimethylformamide. 5.5 g (65 mmol) of sodium 

«o bicarbonate were added and the mixture was stirred at room temperature for 18 hours. The solvent was 
removed by evaporation and the residue was taken up in 100 ml of water. The pH was adjusted to 3 with 
4M hydrochloric acid. The solvent was then removed by evaporation and the residue was taken up in 
methanol. Insoluble material was removed by filtration and the solvent was removed by evaporation. The 
crude product was chromatographed on silica gel using System D for the elution. There were obtained 900 

45 mg of N-(4-methylva!eryl)-L-asparagine as a solid: Rf (System D): 0.25. 



Example 4 

50 

In an analogous manner to that described in Example 1, but using N-(tertbutoxycarbonyl)-l-asparagine 
in place of N-(benzyloxycarbonyl)-L-asparagine there was obtained N-(N-[[N-(tert.butoxycarbonyl>-L- 
asparaginylK-phenylalanyl]methylK-proline tertbutyl ester in the form of a solid; MS: m/e 546 [M]\ 

55 

Example 5 
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1.3 g (2.79 mmol) of N-[[N-(ben2yloxycarbonyl)-L-phenylalanyl]methyl>L-pro!ine tertbutyl ester was 
hydrogenated in a mixture of 10 ml of ethyl acetate and 10 ml of isopropyl alcohol in the presence of 0.39 g 
of 5% palladium-on-carbon and 1.06 g (5.58 mmol) of toluene-4-suiphonlc acid and the product was 
coupled with 0.62 g (2.78 mmol) of N-(benzyioxycarbonyl)-L-alanine in the presence of 0.572 g (2.78 mmol) 
of dicyciohexylcarbodiimide, 0.375 g (2.78 mmol) of hydroxybenzotriazole and 0.64 g (5.57 mmol) of N- 
ethylmorpholine in a manner analogous to that described in Example 1 . After worWng-up and chromatog- 
raphy on silica gel using 3% isopropanol in dichloromethane for the eiution there was obtained 0.55 g of N- 
[[N-{^Hbenzyloxycarbo^yl)-L•ala^ylJ-L-phe^ylaIanyl]methyl]•L-proline tertbutyl ester as a solid; MS: m/e 
538 [M + H]\ 



Example 6 



In a manner analogous to that described in Example 1, from N-[[N-(benzyloxycarbonyl)-L-phenylalanyl]- 
methylHrprolta© tertbutyl ester and N-(benzyloxycarbonyl)-L-glutamine there was obtained N-[[N-[N- 
(benzyloxycarbonyl)-L-glutaminyi]-L-phenylalanyiImethyl>L-proline tertbutyl ester; MS: m/e 595 [M + HJ*. 



Example 7 



0.45 g (0.77 mmoi) of N-{N-[[N-(benzyloxycarbonyi)-L-asparaginyl]-L-phenylalanyl]methyl]-L-proline 
tertbutyl ester, prepared as described in Example 1, was dissolved in 10 ml of isopropanol and the solution 
was stirred at room temperature for 45 minutes in the presence of 0.075 g (1.98 mmol) of sodium 
borohydride. The solvent was removed by evaporation and the residue was taken up in 50 ml of ethyl 
acetate and washed in sequence with water and saturated sodium chloride solution. After drying over 
sodium sulphate and evaporation there was obtained 0.43 g of a solid which was chromatographed on silica 
gel using 2% methanol in dichloromethane for the eiution. There were obtained 80 mg of N-[3(S)-[[N- 
(benzyioxycarbonyl)-L-asparaginyl]amino]-2(S)-hydroxy-4-phenylbutyl]-L-proiine tertbutyl ester as a solid; 
Rf (System B): 0.38; MS: m/e 583 [M + H]*. 

Further eiution of the column with 5% methanol in dichloromethane yielded 70 mg of N-[3(S)-[[N- 
(benzyloxycarbonyl)-L-asparaginyl]aminoh2(R)-hydroxy-4-phenylbutylhL-proIine tertbutyl ester as a solid: 
Rf (System B): 0.23; MS: m/e 583 [M + H]\ 



Example 8 



0.3 g (0.45 mmol) of N-nN-[N-[N-(benzyloxycarbonyi)-L-leucylH-asparaginyl]-L-phenylalanyl]methyl]-L- 
proline tertbutyl ester, prepared as described in Example 2, in 10 ml of isopropanol was treated at room 
temperature with 40 mg (1.06 mmoi) of sodium borohydride. After 1 hour the mixture was worked-up as 
described in Example 7. There was obtained 0.32 g of a solid which was chromatographed on silica gel 
using 3% methanol in dichloromethane for the eiution. There were obtained 90 mg of N-[3(S)-[[N-[N- 
(benzyloxycarbonyl)-L-leucyl]-L-asparaginyl]amino]-2(R or S)-hydroxy-4-phenylbutyl]-L-proline tertbutyl es- 
ter (isomer 1) as a solid; Rf (System A): 0.26; MS: m/e 696 [M + H]*. 

Further eiution of the column with 5%- methanol in dichloromethane yielded 70 mg of N-[3(SH[N-(N- 
(benzyloxycarbonyl)-L-leucyl]-L-asparagihyl]aminoh2(R or S)-hydroxy-4-phenylbutyl]-L-proline tertbutyl es- 
ter (isomer 2) as a solid; Rf (System A): 0.19; MS: m/e 696 [M + H]*. 



Example 9 



0.18 g (0.33 mmol) of N^N-[N-(4-methylvaleryH-aspara9inyl]-L-phenylaJanyl]methylhL-proline 
tertbutyl ester, prepared as described in Example 3, was reduced with 30 mg (0.80 mmol) of sodium 
borohydride In 10 ml of isopropanol as described in Example 7. The resulting two isomers of N-[2(R or Sy 
hydroxy-3(S)-nN-(4-methylvalerylK^ tertbutyl ester were sepa- 
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rated by chromatography on silica gel using methanol In chloroform (5%-8% gradient) for the eiution. There 
were obtained 35 mg of isomer 1 in the form of a solid; Rf (System B): 0.2; MS: m/e 547 [M + H]*, and 27 
mg of isomer 2 in the form of a solid; Rf (System. B); 0.15; MS: m/e 547 [M + H]*. 

5 

Example 10 



0.6 g (1.1 mmol) of N-[N-[[N-(tertbutoxycarbonyl)-L-asparaginyl]-L-phenylalanyl]methylhL-proline 
io tertbutyl ester, prepared as described in Example 4 f was reduced with 0.1 g (2.65 mmol) of sodium 
borohydride in 10 ml of isopropanol as described in Example 7. The two isomers were separated by 
chromatography on silica gel using System C for the eiution. There were obtained 115 mg of isomer 1 of N- 
[3(S)-[[N-(tertbutoxycarbonyl)-L-asparaginyl]aminol-2(R or S)-hydroxy-4«phenylbutyl]-L-proline tertbutyl es- 
ter in the form of a solid; Rf (System D): 0.23; MS: m/e 549 [M + H]*, and 100 mg of isomer 2 in the form of 
is a solid; Rf (System O): 0.15; MS: m/e 549 [M + H]*. 



Example 11 



0.45 g (0.84 mmol) of N-[[N-[N-(benzyloxycarbonyl)-L-aIanyl]-L-phenylalanyl]methylH-proline tertbutyl 
ester, prepared as described in Example 5, was reduced in 15 ml of isopropanol in the presence of 80 mg 
of sodium borohydride as described in Example 7. After working-up the two isomers were separated by 
chromatography on silica gel using System A for the eiution. There were obtained 70 mg of isomer 1 of N- 
25 [3(SKtN-(benzyloxycarbonyl)-L-alanyl]amino]-2(R or S)-hydroxy-4-phenylbutyiR-proline tertbutyl ester in 
the form of a gum; Rf (System A): 0.38; MS: m/e 540 [M + H]* t and 50 mg of isomer 2 in the form of a gum; 
Rf (System A) 0.21; MS: m/e 540 [M + H]*. 



30 Example 12 



0.55 g (0.93 mmol) of N-{[N-[N-(benzyloxycarbonyl)-L-glutaminyl]-L-pheny!alanyl]methyl]-L-proline 
tertbutyl ester, prepared as described in Example 6, was reduced in 15 ml of isopropanol in the presence 
as of 90 mg of sodium borohydride as described in Example 7. After working-up, the product was chromatog- 
raphed on silica gel using 2% methanol in chloroform for the eiution. There were obtained 60 mg of isomer 
1 of N-[3(SH[N-(ben2yloxycarbonyl)-L-glutaminyl]amino>2(R or S)-hydrpxy-4-phenylbutylK-proline 
tertbutyl ester in the form of a solid; Rf (System B): 0.37; MS: m/e 597 [M + H]*, and 65 mg of isomer 2 in 
the form of a solid; Rf (System B): 0.25; MS: m/e 597 [M + H]*. 



Example 13 



45 3 g (5i mmol) of NMN-[3(SHbenzyloxyformamido)-2(R and S)-hydroxy-4-phenylbutyl] L-prolyn-N 1 - 
isobutyl-L-isoleucinamide were taken up in 25 ml of ethyl acetate and 10 ml of isopropanol and hydroge- 
nated over 0.3 g of 5% paliadium-on-carbon for 5 hours in the presence of 1.97 g (10.36 mmol) of toiuene- 
4-sulphonic acid. The catalyst was filtered off and the filtrate was evaporated. The solid obtained was dried 
over phosphorus pentoxide under a high vacuum and coupled with 1.48 g (5.57 mmol) of N- 

50 (benzyloxycarbonyl)-L-asparagine in an analogous manner to that described in Example 1. 3.3 g of crude 
N2-[N-[3(S)-[[N- (benzyloxycarbonyl)-L-asparginyl]amino]-2(R and Shhydroxy-4-phenylbutyll-L-prolylhN 1 - 
isobutyl-L-isoleucinamide were obtained as a solid. The two isomers were separated by chromatography on 
silica gel using System F for the eiution. There were obtained 90 mg of isomer 1 in the form of a solid; Rf 
(System F): 023; MS: m/e 695 [M + H]*. and 0.55 g of isomer 2 in the form of a solid; Rf (System F): 0.11; 

55 MS: m/e 695 [M + H]*. 

The N2-[N-[3(S)-(benzyloxyformamido)-2(R and S)-hydroxy-4-phenylbutylhL-prolylhN 1 -isobutyl-L- 
isoleucinamide used as the starting material was prepared as follows: 
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(i) A solution of 20.0 g of N-(benzyloxycarbonyl)-L-isoleucine and 9.6 ml of N-ethyimorpholine in 400 
ml of tetrahydrofuran was cooled to -20* C and 9.8 ml of isobutyl chloroformate were added dropwise. The 
mixture was stirred for 5 minutes and then 5.52 g of isobutylamine were added dropwise. The mixture was 
stirred at -15* C for 20 minutes and was then allowed to warm to room temperature. 20 ml of water Vere 

5 added and the solution was then evaporated to dryness. The residue was partitioned between 200 ml of 
water and 800 ml of ethyl acetate and the organic solution was washed with 200 ml of 5% citric acid 
solution, 200 ml of saturated sodium bicarbonate solution and 200 ml of water, dried over sodium sulphate 
and evaporated to dryness. The residue was triturated with diethyl ether to give 18.2 g of N 2 - 
(benzyloxycarbonylJ-N'-isobutyl-L-isoleucinamide which was used in the next step without further purifica- 

io tion. 

(it) A solution of 18.0 g of the above product in 200 ml of ethanol was hydrogenated over 1.0 g of 
10% pailadium-on-carbon for 5 hours. The catalyst was removed by filtration and the filtrate was 
evaporated to give 9.8 g of N'-isobutyl-L-isoleucinamide as a colourless oil which was used directly in the 
next step. 

is (iii) A solution of 17.3 g of N-(benzyloxycarbonyl)-L-proline succinimide ester and 9.35 g of N 1 - 

isobutyl-L-lsoleucinamide in 120 ml of tetrahydrofuran was stirred at room temperature overnight. The 
solvent was removed by evaporation and the residue was partitioned between 200 ml of ethyl acetate and 
250 ml of 5% citric acid solution. The organic solution was dried over anhydrous sodium sulphate and 
evaporated to dryness. The residue was recrystailized from a mixture of ethyl acetate and n-hexane to give 

20 13.6 g of NHN-benzyloxycarbonyO-L-proiylhN^isobutyl-L^isoleucinamide as a white solid of melting point 
87-88' C. 

(iv) A solution of 13.6 g of the above product in 500 ml of ethanol was hydrogenated over 10% 
palladium-on-carbon for 2 hours. The catalyst was removed by filtration and the filtrate was evaporated to 
give 9.10 g of N^L-prolyl-NMsobutyl-L-isoleucinamide as a colourless oil which was used without further 

25 purification. 

(v) A solution of 8.86 g of [N-(benzyloxycarbonyl)-L-phenylalanyl]methyl bromide 6.71 g of N 2 -!.- 
prolyl-NMsobutyl-L-isoleucinamide and 2.60 g of triethylamine in 400 ml of dichloromethane was stirred at 
room temperature overnight The solvent was removed by evaporation and the crude product was 
chromatographed on silica get using ethyl acetate for the elution. The resulting product was triturated with a 

30 mixture of petroleum ether (b.p. 40-60 *C) and ethyl acetate to give 8.70 g of N^tN-flN- 
(benzyloxycarbonyl)-L-phenyialany1]me^ as an off-white solid of 

m.p. 80-81 * C. 

(vi) A solution of 3.5 g of ^-[[N-^nzyloxycarbonylJ-L-phenylalanyllmethylJ-L-proly^N^isobutyl-L- 
isoleucinamide in 200 ml of ethanol was treated with 1 .0 g of sodium borohydride in a manner analogous to 

35 that described in Example 7 to give 7.1 g of NHN-[3(S)-(bQnzyloxyformamido)-2(R and S)-hydroxy-4- 
phenylbutylhL-prolyl]-N 1 -isobutyl-L-isoleucinamide. 



Analysis for 


CaaHiaN^Os.O.S H 2 0. 


Calculated: 


C, 67.21; H, 8.37; N, 9.50% 


Found: 


C, 67.29; H, 8.31; N, 9.47%. 



45 

Example 14 

0.78 g (1.34 mmol) of N 2 -[N-t3(SHbenzyloxyformamido)-2(R and S)-hydroxy-4-phenylbutyl]-L-prolyl]- 
50 NMsobutyl-L-isoleucinamide was hydrogenated and the product was coupled with 0.53 g (1 .39 mmol) of N- 
[N-(benzyloxycarbonyl)-L-leucyl]-L-asparagine in an analogous manner to that described in Example 1. 1.1 
g of crude N^tN-PfSHtN-IN-tbenzyloxycarbonylJ-L-leucylhL-asparaginynamino^R and S)-hydroxy-4- 
phenylbutyll-L-prolyll-N^-isobutyl-L-lsoleucinamide were obtained as a solid. The two isomers were sepa- 
rated by chromatography on silica gel using System F for the elution. There were obtained 60 mg of isomer 
55 1 in the form of a solid; Rf (System C): 0.34; MS: m/e 808 [M]\ and 50 mg of isomer 2 in the form of a 
solid; Rf (System C) 0.24; MS: m/e 808 [M]\ 
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Example 15 



0.275 g (0.473 mmol) of N-[3(SH[N-(beray!oxycarto^ 

5 phenylbutylK-proline tert butyl ester was taken up in 10 ml of Isopropanol and hydrogenated for 18 hours 
over 50 mg of 5% palladium-on-carbon in the presence of 0.18 g (0.94 mmol) of toluene-4-sulphonic acid. 
The catalyst was filtered off and the filtrate was evaporated. The resulting solid was dissolved in 10 ml of 
dichloromethane and the solution was cooled in an ice-bath. 50 mg (0.49 mmol) of acetic anhydride were 
added, followed by 0.10 g (0.99 mmol) of triethylamine and 02 ml of pyridine. The mixture was stirred at 

to room temperature for 1 hour. The solvent was removed by evaporation and the residue was partitioned 
between ethyl acetate and water. The organic phase was washed with 5% sodium bicarbonate solution and 
with saturated sodium chloride solution and then dried over anhydrous sodium sulphate. The solvent was 
removed by evaporation to give 35 mg of N-[3(S)-[(N-acetyl-L-asparaginyl)amino]-2(R>-hydroxy-4- 
phenylbutylK-proline tertbutyl ester Rf (System E): 0.28; MS: m/e 491 [M + H] . 

75 

Example 16 



20 1 g (2.14 mmol) of N-[3(SMbenzyloxyformamido)-2-(R and S)-hydroxy-4-phenylbutyl}-L-proline tertbutyl 
ester was taken up in 25 ml of methanol and hydrogenated over 250 mg of 5% palladium-on-carbon for 3 
hours in the presence of 0.81 g (4.26 mmol) of toluene-4-sulphonic acid. The catalyst was filtered off and 
the filtrate was evaporated. The resulting solid was dried over phosphorus pentoxide under a high vacuum 
.and then dissolved in 5 ml of tetrahydrofuran. 

25 0.566 g (2.134 mmol) of N-(benzyloxycarbonyl)-L-teucine was taken up in 15 ml of tetrahydrofuran and 
cooled to -15*C. 0.245 g (2.134 mmol) of N-ethylmorpholine and 0-291 g (2.134 mmol) of isobutyl 
chloroformate were added. After 5 minutes the tetrahydrofuran solution prepared as described in the 
previous paragraph was added, followed by 0.451 g (4.27 mmol) of N-ethylmorpholine. The mixture was 
stirred at room temperature for 10 hours, the solvent was then removed by evaporation and the residue was 

30 partitioned between ethyl acetate and water. The ethyl acetate solution was washed with saturated sodium 
bicarbonate solution and with saturated sodium chloride solution and then dried over anhydrous sodium 
sulphate. The solvent was removed under a vacuum to give 1 .5 g of crude N-[3(SH[N-(benzyloxycarbonyi)- 
L-leucyl]amino]-2-(R and S)-hydroxy-4-phenylbutyl]-L-proline tertbutyl ester as an oil. The two isomers 
were separated by chromatography on silica gel using 50% n-hexane in ethyl acetate for the elution. There 

36 were obtained 180 mg of isomer 1 of N-[3(SHtN-(ben2yloxycarbonyl)-L-ieucyl]aminoh2(R or S)-hydroxy-4- 
phenylbutyl]-L-proline tertbutyl ester as a crystalline material; Rf (System A): 0.34; MS: m/e 582 [M + H] , 
and 70 mg of isomer 2 as a crystalline material; Rf (System A): 0.28; MS: m/e 582 [M + H]\ 

The N-[3(S)-(benzyloxyformamido)-2(R and S)-hydroxy-4-phenylbutyi]-L-proline tertbutyl ester used as 
the starting material was prepared as follows: 

40 2 g (4.3 mmol) of N-[[N-(benzyloxycarbonyl)-L-phenyialanyl]methyl]-L-proline tertbutyl ester (prepared as 
described in Example 1) were dissolved in 25 ml of isopropanol, 25 ml of ethanol and 25 ml of methanol 
and the solution was stirred at room temperature for 4 hours in the presence of 0.4 g (10.7 mmol) of sodium 
borohydride. The solvent was removed by evaporation and the residue was partitioned between 50 ml of 
ethyl acetate and 25 ml of water. The organic phase was washed with saturated sodium chloride solution 

45 and dried over anhydrous sodium sulphate. The solvent was removed by evaporation and there were 
obtained 2 g of N-[3(SHb8n2yioxyformamido)-2(R and S)-hydroxy-4-phenylbutyl]-L- proline tertbutyl ester 
as a clear gum; Rf (System C): 0.68 and 0.57. 



so Example 17 



1.5 g (3.12 mmol) of l^-[3(SHbenzyloxyformamido)-2(R or S)-hydroxy-4-phenylbutyi]-NMsopentyi-L- 
prolinamide were hydrogenated in 25 ml of methanol in the presence of 1.19 g (624 mmol) of toluene-4- 
55 sulphonic acid and 0.25 g of 5% palladium-on-carbon. After 3 hours the catalyst was filtered off and the 
filtrate was evaporated to give 2.1 g of a solid. This solid was dried over phosphorus pentoxide under a high 
vacuum and coupled with 0.8 g (3.12 mmol) of N-(benzyloxycarbonyi)-L-a$paragine in a manner analogous 
to that described in Example 1. There were obtained 1.45 g of N2-(3(SH[N-(benzytoxycarbonyl)-L- 
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asparaginyl]amino]-2(R or SJ-hydroxy-^phenylbutylhNMsopentyl-L-prolinamide as a crude product which 
was chromatographed on silica gel using Systemic for the elution. There were obtained 60 mg of isomer 1 
as a solid; Rf (System E): 0.58; MS: 596 [M + H]\ and 0.25 g of isomer 2 as a solid, Rf (System E): 0.41; 
MS:m/e596 [M + H]\ 

5 The NH3(SHbenzyloxyformamido)-2(R or S^hydroxy-^henylbutyll-NMsopentyl-L-prolinamide used 
. as the starting material was prepared as follows: 

(i) A solution of 15.0 g of N-(benzyloxycarbonyl)-L-proline succinimide ester and 4.15 g of isopen- 
tylamine in 100 ml of tetrahydrofuran was stirred at room temperature overnight The solvent was removed 
by evaporation and the residue was taken up in 250 ml of ethyl acetate. The solution was washed with 250 

70 ml of 5% citric acid solution, two 250 ml portions of saturated sodium bicarbonate solution and 150 ml of 
saturated sodium chloride solution, dried over anhydrous sodium sulphate and evaporated to dryness. The 
residue was recrystallized from a mixture of ethyl acetate and n-hexane to give 11.1 g of N 2 - 
(benzyloxycarbonyl^NMsopentyl-L-proIinamide as a white solid of melting point 110-112* C. 

(ii) A solution of 5.73 g of N^benzyloxycarbonylJ-N^isopentyl-L-prolinamide in 600 ml of ethanol was 
76 hydrogenated over 0.8 g of 10% palladium-on-carbon catalyst for 3.75 hours. The catalyst was removed by 

filtration and the filtrate was evaporated to give 3.4 g of N 1 -isopentyl-L-prolinamide as an oil which was used 
without further purification. 

(Hi) A solution of 3.4 g of NMsopentyl-L-prolinamide, 6.76 g of [N-[benzyioxycarbonyl)-L- 
phenylalanyljmethyl bromide and 2.0 g of triethylamine in 360 ml of dichloromethane was stirred at room 
20 temperature overnight. The crude product was isolated in a manner analogous to that described in Example 
1 and was recrystallized from a mixture of ethyl acetate and n-hexane to give 3.3 g of N^ffN- 
(benzyloxycarbonyl)-L-phenylalanyl]methyl]-N 1 -isopentyl-L-proiinamide as a white solid of melting point 82- 
84'C. 

(iv) A solution of 0.96 g of ^[[N-ODenzyloxycarbonylJ-L-phenylalanylJmethyll-N^isopentyi-L-pro- 
25 llnamide in 40 ml of ethanol was treated with 0.17 g of sodium borohydride in a manner analogous to that 
described in Example 2. The crude product was recrystallized from a mixture of diethyl ether and n-hexane 
to give 0.65 g of ^3(SMbenzyloxyformamido)-2(R and S)-hydroxy-4-phenylbutyl]-NMsopentyl-L-pro- 
linamide as a white solid of melting point 73-82* C. 

30 

Example 18 



35 0.58 g (1.24 mmol) of ^3(SMbenzyloxyfoimamido)-2(R or SJ-hydroxy^phenylbutylhNMertbutyl-L- 
prolinamide was dissolved in 25 ml of methanol and hydrogenated for 5 hours at room temperature in the 
presence of 0.472 g (2.48 mmol) of toluene-4-sulphonic acid and 0.1 g of 5% palladium-on-carbon. The 
catalyst was filtered off and the filtrate was evaporated. There was obtained 0.82 g of a solid which was 
dried over phosphorus pentoxide under a high vacuum and coupled with 0.322 g (1.21 mmol) of N- 

40 (benzytoxycarbonyl)-L-asparagine in dimethylformamide in a manner analogous to that described in Exam- 
ple 1 . After working-up in a manner analogous to that described in Example 10 there was obtained 0.6 g of 
crude product which was chromatographed on silica gel using System C for the elution. There were 
obtained 225 mg of N 2 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R or S)-hydroxy-4 
phenylbutyHN^tert-butyl-L-prolinamide as a solid; MS: m/e 582 [M + H]*. 

45 The NH3(SMbenzyloxyformamido)-2(R or S^hydroxy^phenylbutyll-N^tert-butyl-L-prolinamide used 
as the starting material was prepared as follows: 

(i) 5.2 g (15 mmol) of N-(benzyloxycarbonyl)-L-proline succinimide ester and 1.63 g (22.3 mmol) of 
tertbutylamine were taken up in 50 ml of dichloromethane and the mixture was stirred at -8* C for 1 hour 
and then at room temperature for 18 hours. The solution was then washed with 5% citric acid solution, 

so saturated sodium bicarbonate solution and saturated sodium chloride solution and dried over anhydrous 
sodium sulphate. After evaporation the solid was crystallized from ethyl acetate/n-hexane to give 3 g of N 2 - 
(benzyloxycarbonyiJ-N^tertbutyl-L-prolinamide; MS: m/e 305 [M + H]\ 

(ii) 2.5 g (8.22 mmol) of ^(benzyloxycarbonylJ-N^tert-butyl-L-prolinamide in 25 ml of methanol were 
hydrogenated for 5 hours over 0.5 g of 5% pailadium-on-carbon. The catalyst was removed by filtration and 

55 the solvent was removed by evaporation to give 1.4 g of an oil which crystallized upon standing in a 
refrigerator for several hours. 0.35 g (2.05 mmol) of this solid was added to a solution of 0.77 g (2.05 mmol) 
of [N-(benzyloxycarbonyl)-L-phenylalanyl]methyl bromide in 15 ml of dichloromethane and subsequently 
0.207 g (2.05 mmol) of triethylamine were added. The mixture was stirred at room temperature for 2 hours. 
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The solvent was removed by evaporation and the residue was taken up in 25 ml of ethyl acetate. The solid 
was filtered off and discarded. The mother liquor was washed with water, saturated sodium bicarbonate 
solution and saturated sodium chloride solution and then dried over anhydrous sodium sulphate. After 
evaporation and crystallization from ether/n-hexane there was obtained 0.65 g of NMIN- 
5 (benzyloxycarbonyl)-L-phenylalanyl]methyl]-N 1 -tert.butyl-L-proHnamide in the form of a solid; MS: m/e 466 
[M + H]\ 

(iii) 125 g (2.7 mmoi) of N 2 -{[N-<benzyloxycarbonyl)-L-phenylalanyl]methylhN 1 -tert.butyl-L-pro- 
linamide was taken up in 25 ml of isopropanol and stirred for 4 hours at room temperature in the presence 
of 0.255 g (6.7 mmol) of sodium borohydride. The solvent was removed by evaporation and the residue was 

w partitioned between ethyl acetate and water. The organic layer was washed with saturated sodium chloride 
solution, dried over anhydrous sodium sulphate and evaporated. There were obtained 1.2 g of NM3<S)- 
(ben2yloxyformamido)-2(R and S)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide which was chromatog- 
raphed on silica gel using System F for the elution. There were obtained 15 mg of isomer 1 as a gum; Rf 
(System F): 0.38; MS: m/e 468 [M + H]\ and 0.225 g of isomer 2 as a gum; Rf (System F): 027; MS: m/e 

75 468[M + H]\ 



Example 19 

20 

A solution of 474 mg of N-[3(S)-(ben2yloxyformamido)-4-cyclohexyl-2(R or S)-hydroxybutyi]-L-proiine 
tertbutyl ester in 100 ml of ethanol was hydrogenated over 50 mg of 10% palladium-on-carbon catalyst for 
3 hours. The catalyst was removed by filtration and the filtrate was evaporated to give 380 mg of an oil. 
25 This was coupled with 285 mg of N-(benzyloxycarbonyl)-L-asparagine in a manner analogous to that 
described in Example 1. The crude product was chromatographed on silica gel using 7% methanol in 
dichloromethane for the elution to give 30 mg of N-{3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyi]aminoH- 
cyclohexyl-2(R or S)-hydroxybutylR-proline tertbutyl ester as a white solid of melting point 135-136 C 
(isomer 1). 

30 Similarly, 474 mg of the other isomer of N-[3(S)-(benzyloxyformamido)-4-cyclohexyl-2(R or S)- 
hydroxybutylK-prollne tertbutyl ester were hydrogenated and coupled + with 285 mg of N- 
(benzyloxycarbonyl)-L-asparagine to give 90 mg of isomer 2, MS: m/e 589 [M + H]\ 

The N-[3(S)-benzyloxyformamido)-4-cyclohexyl-2-(R and S)-hydroxybutyl]-L-proline tertbutyl ester used 
as the starting material was prepared as follows: 

35 (i) A solution of 19.6 g of N-(benzyloxycarbonyl)-3<:yclohexyl-L-alanine in 60 ml of tetrahydrofuran 

was cooled to -10* C and 8.9 ml of N-ethylmorpholine were added. 11.6 ml of isobutyl chloroformate were 
added dropwise and the mixture was stirred at -10* C for a further 15 minutes. 250 ml of diethyl ether were 
added and the mixture was filtered. The filtrate was added to a cold solution of diazomethane in diethyl 
ether (prepared from 21 .5 g of N-methyl-N-nitroso-4-toluenesulphonamide) and the mixture was stirred at 

40 room temperature for 1.5 hours. The solution was then washed with two 200 ml portions of water and with 
200 ml of saturated sodium bicarbonate solution, dried over anhydrous sodium sulphate and evaporated to 
give 6.6 g of benzyl [2-cyclohexyl-1(S)-(2-diazoacetyl)ethyl] carbamate as a yellow oii which was used 
without further purification. 

(ii) A solution of 6.6 g of the above product in 60 ml of diethyl ether was stirred at room temperature 
45 while hydrogen chloride was bubbled through the solution for 30 minutes. The solvent was removed by 

evaporation and the resulting oii was crystallized from a mixture of diethyl ether and n-hexane to give 5.8 g 
of [N-(benzyloxycarbonyl)-3-cyclohexyl-L-aIanyl]methyl chloride which was used without further purification. 

(iii) A solution of 4.4 g of the above product in a mixture of 90 ml of tetrahydrofuran and 10 mi of 
water was cooled to 0* C and 0.75 g of sodium borohydride was added. The mixture was stirred at 0* C for 

so 1 hour and then evaporated to dryness. The residue was taken up in 100 ml of dichloromethane and 100 ml 
of water, the aqueous layer was adjusted to pH 3 with concentrated hydrochloric acid and the organic layer 
was separated, dried over anhydrous sodium sulphate and evaporated. The residue was triturated with 200 
mi of hot n-hexane and filtered off to give 2.65 p of 3(SHbenzyloxyformamido)-1-chloro-4-cyclohexyl-2(R 
and Shbutanol as a white solid; MS: 339, 341 [M]*. 

55 (iv) 14 ml of 0.71 M ethanolic potassium hydroxide solution were added to a solution of 2.65 g of the 

above product in 60 ml of ethanol. The mixture was stirred at room temperature for 1 hour and then 
evaporated to dryness. The residue was partitioned between 100 ml of dichloromethane and 100 ml of 
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water and the organic layer was dried over anhydrous sodium sulphate and evaporated. The residue was 
chromatographed on silica gel using 3% methanol in dichioromethane for the elution. There were obtained 
1.84 g of 3(SHbenzyioxyformamido)*4-cyclohexyl-1 i 2(R and S)-epoxy butane as an oil; MS: m/e 303 [M] . 
(v) A solution of 1.84 g of the above product and 1.21 g of L-proIine tertbutyl ester in 65 ml of 

5 methanol was heated under reflux for 24 hours. The mixture was evaporated to dryness and the crude 
product was chromatographed on silica gel using 5% methanol in dichioromethane for the elution. There 
was obtained 0,41 g of N 2 -[3(S)-(ben2yloxyformamido)-4-cyclohexyl-2(R or S)-hydroxybutyl]-L-proline 
tertbutyl ester {isomer 1) as a colourless oil; NMR (CDCI 3 , 250 MHz) 5 0.78-1.0 (2H, m), 1.1-1.4 (5H, m), 
1.43 (9H, s), 1.55-1.7 (5H, m) 1.8-1.95 (4H, m), 2.03-2.15 (1H, m), 2.3-2,4 (1H, m), 2.5 (1H, dd), 2.66 (1H. t), 

io 3.16-3.26 (2H, m) 3.55-3.7 (2H, m), 4.08 (1H f broad s), 5.02-5.15 (3H, m), 7.25-7.4 (5H, m). 

Further elution with the same solvent system yielded 1.18 g of isomer 2 as a colourless oil; NMR 
(CDCI3, 300 MHz) 5 "0.75-0.85 (1H, m). 0.9-1.0 (1H, m), 1.1-1.4 (5H. m), 1.43 (9H, s), 1.58-1.70 (5H, m), 
1.75-1.9 (5H f m), 2.05-2.18 (1H, m), 2.54-2.75 (3H, m). 3.05-3.15 (2H, m), 3.45-3.52 (1H, m), 3.7-3.8 (1H, m). 
f 5 4.96-5.1 5 (3H, m), 7.3-7.38 (5H, m). 



Example 20 

20 

0.663 g (1.42 mmol) of NM3(S)-(benzyloxyformamldo)-2(R and S)-hydroxy-4-phenylbutyl]-N 1 -isobutyl-L- 
prolinamide was hydrogenated in 30 ml of methanol in the presence of 0.539 g (2.84 mmol) of toluene-4- 
sulphonic acid and 0.1 g of 5% palladium-on-carbon, and the product was then coupled with 0.378 g (1.42 
mmol) of N-(benzyloxycarbonyl)-L-asparagine and worked-up as described in Example 1. The crude 
25 product was subjected to flash chromatography on silica gel using System F and there were obtained 80 
mg of N 2 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]aminoh2(R or S)-hydrpxy-4-phenylbutylhN 1 -isobutyl- 
L-prolinamide (isomer 1) as a solid; Rf (System E) 0.46; MS: m/e 582 [M + H]\ 

The column was then eluted with System C to give 70 mg of isomer 2 as a solid; Rf (System E) 0.33; 
MS: m/e 582 [M + H]\ 

30 The NMSfSMbenzyloxyformamido^R and S)-hydroxy-4-phenylbutyl]-N 1 -isobutyl-L-prolinamide used 
as the starting material was prepared as follows: 

(i) N 1 -isobutyl-L-prollnamide was prepared as described in Example 17(i) using isobutylamine in 
place of isopentylamine. 

(ii) A solution of 1.5 g (3.98 mmol) of [N-(benzyloxycarbonyl)-L-phenylalanyl]rnethyl bromide, 0.678 g 
35 (3.98 mmol) of NMsobutyl-L-prolinamide and 0.402 g (3.98 mmol) of triethylamine in 30 ml of dich- 
ioromethane was stirred at room temperature for 4 hours. The solvent was removed by evaporation and 50 
ml of ethyl acetate were added. The resulting solid was removed by filtration and discarded. The filtrate was 
washed with water, sodium bicarbonate solution and saturated sodium chloride solution and then dried over 
anhydrous sodium sulphate. The solvent was removed by evaporation and the crude product was 

40 chromatographed on silica gel using chloroform for the elution to give 1 .6 g of N^-[[N-(benzyloxycarbonyl)- 
L-phenylaIanyl]methyl] -N 1 -isobutyl-L-prolinamide as a solid; MS: m/e 466 [M + H]\ 

(iii) A solution of 0.7 g (1.5 mmol) of ^-[[N-tbenzyloxycarbonylJ-L-phenylalanyllmethyll-N^isobutyl-L- 
prolinamide in 20 ml of ethanol was treated with 0.143 g (3.75 mmol) of sodium borohydride at room 
temperature for 2 hours. The solvent was removed by evaporation and the residue was partitioned between 

45 ethyl acetate and water. The ethyl acetate phase was washed with saturated sodium chloride solution, dried 
over anhydrous sodium sulphate and evaporated to give 0.67 g of N^(3(SHbenzyloxyformamido)-2(R and 
S^hydroxy-^-phenylbutylJ-N'-isobutyl-L-prolinamide as a solid; Rf (System A) 0.39 and 0.33; MS: m/e 467 
[M]*. 

50 

Example 21 



55 A solution of 249 mg of N-[3(SH(L-asparaginyl]amino>2(R)-hydroxy-4-phenylbutyl>LiDroline tertbutyl 
ester, 106 mg of 2-naphthoyl chloride and 72 mg of diisopropytethylamine in 10 ml of dry dichioromethane 
was stirred at 20* C for 20 hours. The gelatinous reaction mixture was partitioned between dichioromethane 
and water. The organic phase was evaporated and the resulting oil was crystallized from ethyl acetate/n- 
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hexane to give 215 mg of N-[2(R)-hydroxy-3(S)-[[N-(2^aphthoyl) L-asparaginyl]amino]-4-phenylbutyl]-L- 
proline tertbutyl ester, as a white solid; MS: m/e 603 [M + H]\ 

The rK3(S)-[[L-aspai^inyl]aminoh2(R)-hydroxy^phenylbuty!hL-proline tertbutyl ester used as the 
starting material was prepared as follows: 

A solution of 1.75 g of N-{3(SH[N-{benzyloxy carbonyl-L-asparaginyl]aminoh2(R)-hydroxy-4-phenylbutyl]-L- 
proline tertbutyl ester in 100 ml of ethanol was hydrogenated over 10% palladium-on-carbon for 64 hours. 
The catalyst was removed by filtration and the filtrate was evaporated. The residual gum was partitioned 
between ethyl acetate and 2M hydrochloric acid. The aqueous phase was made basic with dilute sodium 
hydroxide solution and extracted with ethyl acstate. The ethyl acetate extract was evaporated to give 1.14 g 
of N-[3(SH[L-asparagtnyllamino>2(R)^ tertbutyl ester as a white, solid 

foam; MS: m/e 448 [M + H]*, 



Example 22 



In a manner analogous to that described in Example 21, from 223 mg of N-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl]-L-proline tertbutyl ester, 95 mg of toluene-4-sulphonyl chloride and 65 mg of 
diisopropylethylamine there were obtained 170 mg of N-{2(R)-hydroxy-4-phenyl-3(S)-[[N-(p-toluenesul- 
phonyl)-L-asparaginyl]amino]butylhL-proline tertbutyl ester as a white solid (from ethyl acetate/n-hexane): 
MS:m/e603[M + H]\ 



Example 23 



In a manner analogous to that described in Example 21, from 223 mg of N-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl] -L-proline tertbutyl ester, 77 mg of phenylacetyl chloride and 65 mg of 
diisopropylethylamine there were obtained 190 mg of N-[2(R)-hydroxy-4-phenyl-3(S)-[tN-(phenylacetyl)-L- 
asparaginyl]amino]butyl]-L-proline tertbutyl ester as a white solid (from ethyl acetate/n-hexane); MS: m/e 
567 [M + Hf. 



Example 24 



In a manner analogous to that described in Example 21, from 249 mg of N-[3(S)-[[L-asparaginyl]amino> 
2(R)-hydroxy-4-phenylbutyl] -L-proline tertbutyl ester, 94 mg of hydrocinnamoyl chloride and 72 mg of 
diisopropylethylamine there were obtained 214 mg of N-[3(SM(N-hydrocinnamoyl-L-asparaginyl)amino]-2- 
(R)-hydroxy-4-phenylbutyl]-L-proline tertbutyl ester as a white solid (from ethyl acetate/n-hexane); MS: m/e 
581 [M + H]* . 



Example 25 



In a manner analogous to that described in Example 21, from 270 mg of N-[3(SH[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl] -L-proline tertbutyl ester, 114 mg of 1-naphthoyl chloride and 77 mg of 
diisopropylamine there were obtained, after chromatography on silica gel using 10% methanol in dich- 
loromethane for the elution, 130 mg of N-[2(R)-hydroxy-3(S)-[[N-(1-naphthoyl)-L-asparaginyl]aminoH- 
phenylbutylK-proline tertbutyl ester as a white solid; MS: m/e 603 [M + H]\ 



Example 26 



In a manner analogous to that described in Example 21, from 270 mg of N-[3(S)-[[L-asparaginyl]aminoh 
2(R)-hydroxy-4-phenylbutyl] -L-proline tertbutyl ester, 100 mg of cinnamoyl chloride and 77 mg of 
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diisopropylethylamine there were obtained, after chromatography on silica gel using 10% methanol in 
dichloromethane for the elution, 99 mg of N-[3(SH(N-cinnamoyl-L-asparaginyl)-amino]-2(R)- -hydroxy-4- 
phenylbutylK-proIine tertbutyl ester as a white solid; MS: m/e 579 [M + H]\ 

s 

Example 27 



A solution of 270 mg of N^3(S)-[[L-asparaginyl]amino-2(R)-hydroxy-4•phenylbutyl]-L-p^oline tertbutyl 
io ester and 98 mg of 4-phenylbutyric acid in 10 mi of dry tetrahydrofuran was cooled in an ice/salt mixture. 
81 mg of hydroxybenzotriazole, 69 mg of N-ethylmorpholine and 136 mg of dicyclohexylcarbodiimide were 
added and the mixture was stirred for 64 hours. The mixture was then diluted with ethyl acetate and filtered. 
The filtrate was washed with aqueous sodium bicarbonate solution and sodium chloride solution. The 
solvent was removed by evaporation and the residue was chromatographed on silica gel using System G 
rs for the elution to give 79 mg of N-[2(R)-hydroxy-4-phenyi-3(SHtN-(4-phenylbutyryl)-L-asparaginyl]aminoh 
butylK-proline tertbutyl ester as a white solid; MS: m/e 595 [M + H]\ 



Example 28 

20 

In a manner analogous to that described in Example 27, from 249 mg of N-[3(SH[L-asparaginyI]amino]- 
2(R)-hydroxy-4-phenylbutyl]-L-proline tertbutyl ester, 104 mg of 2-naphthylacetic acid, 75 mg of hydrox- 
ybenzotriazole, 64 mg of N-ethylmorpholine and 126 mg of dicyclohexylcarbodiimide there were obtained, 
26 after chromatography on silica gel using 10% methanol in dichloromethane for the elution. 62 mg of N-[2- 
(R)-hydroxy-3(SH[NK(2-naph%naceW tertbutyl ester as a 

white solid; MS: m/e 617 [M+H] . 



30 Example 29 



In a manner analogous to that described in Example 27, from 270 mg of N-[3(S)-[IL-asparaginyl]amino}- 
2(R)-hydroxy-4-phenyIbutyl]-L-proline tertbutyl ester, 108 mg of 4-methoxyhydrocinnamic acid, 81 mg of 
35 hydroxybenzotriazole, 69 mg of N-ethylmorpholine and 136 mg of dicyclohexylcarbodiimide there were 
obtained, after chromatography on silica gel using System G for the elution, 113 mg of N-[2(R)-hydroxy-3- 
(S)-[lN-(4-methoxyhydrocinnamoyl)-L-asparaginyl]aminoH-phenyibutyl]-L-proline tertbutyl ester as a white 
solid; MS: m/e 611 [M + H]*. 

40 

Example 30 



0.179 g of dicyclohexylcarbodiimide, 0.016 g of hydroxybenzotriazole and 0.09 g of N-ethylmorpholine 
45 were added to a stirred solution of 0.238 g of N-[3(S)-amino-2(R or S)-hydroxy-5-methylhexyl]-L-proline 
tertbutyl ester and 0.210 g of N-(benzyloxycarbonyl)-L-asparagine in 10 ml of tetrahydrofuran at 0°C. The 
mixture was stirred for 16 hours and then filtered. The filtrate was partitioned between ethyl acetate and 
water and the organic phase was then washed with sodium bicarbonate solution and sodium chloride 
solution. The organic phase was evaporated and the residue was chromatographed on silica gel using ethyl 
so acetate/methanol (9:1) for the elution to given, after recrystaliization from ethyl acetate/n-hexane, 0.13 g of 
N-[3(SHIN-<benzyloxy(^rbonyl)-L-asparaginyl]aminoh2(R or S)-hydroxy-5-methylhexyl)]-L-proline tertbutyl 
ester as a white solid; MS: m/e 549 [M + H]*. 

The N-[3(S)-amino-2(R or S)-hydroxy-5-methylhexyl]-L-proline tertbutyl ester used as the starting 
material was prepared as follows: 
55 (i) A solution of 1.31 g of 3(SHbenzyloxyformamido)-1^(R or S)-epoxy-5-methylhexane and 0.855 g 

of proline tertijutyl ester in 10 ml of dimethylformamide was stirred at 100* C for 16 hours and the solvent 
was then removed by evaporation. The residue was partitioned between ethyl acetate and water. The 
organic phase was washed with sodium chloride solution and evaporated. The residue was chromatog- 
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raphed on silica gei using ethyl acetate/acetic acid/ethanol (4:1:1) for the elution. Material having a Rf of 
approximately 0.24 was re-chromatographed on silica gel using System H for the elution to give 0.358 g of 
N^3(SMbercyloxyformamido)-2(R or S)-hydroxy-5-methylhexyl]-L-proline tertbutyl ester in the form of a 
colourless oil; MS: m/e 435 [M + H]\ 
s (ii) A solution of 0.35 g of N-[3(S)-(ben2yloxyformamido)-2{R or S)-hydroxy-5-methylhexyl)]-L-proline 

tertbutyl ester in 20 ml of ethanol was hydrogenated over 10% palladium-on-carbon for 16 hours. The 
catalyst was removed by filtration and the filtrate was evaporated to give 0.238 g of N-[3(S)-amino-2(R^or 
S)-hydroxy-5-methylhexyl]-L-proline tertbutyl ester in the form of a colourless gum; MS: m/e 301 [M + H]*. 

w 

Example 31 



is A solution of 0.28 g of N-[3(S)-t[L-asparaginyl]amino]-2(R)-hydroxy-4i:henylbutylR-proline tertbutyl 
ester, and 0.083 g of benzyl isocyanate in 5 ml of dichloromethane was stirred at 20 *C for 2 hours. The 
solvent was then removed by evaporation and the residue was triturated with diethyl ether to give 0.174 g of 
N-[3(SH[N-(benzylcarbamoyl)-L -asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-L-prollne tertbutyl ester 
as a white solid; MS: m/e 582 (M + H]\ 

20 

Example 32 



25 A solution of 0.28 g of N-[3(SH[t--asparaginyl] amino>2(R)-hydroxy-4-phenylbutyl]-L-proline tertbutyl 
ester, 0.124 g of 1-adamantanecarbonyl chloride and 0.081 g of diisopropylethylamine in 5 ml of 
dichloromethane was stirred at 20 # C for 8 hours. A further 0.124 g of 1-adamantanecarbonyl chloride and 
0.081 g of diisopropylethylamine were added and stirring was continued at 20* C for 16 hours. The solution 
was diluted with 20 ml of dichloromethane and washed in sequence with water, sodium carbonate solution, 

30 potassium bisulphate solution and sodium chloride solution. The organic solution was then evaporated and 
the residue was triturated with diethyl ether to give 0.2 g of N-[3(S)-ffN-(1-adamantylcarbonyl)-L- 
asparaginyljamino] -2(R)-hydroxy-4-phenylbutyi-L-proline tertbutyl ester as a white solid; MS: m/e 611 
[M + H] . 

35 

Example 33 



0.208 g of dicyclohexylcarbodiimide, 0.124 g of hydroxybenzotriazole and 0.106 g of N-ethylmorpholine 
40 were added to a stirred solution of 0.315 g of N 2 -[3(S)-amino-2(R)-hydroxy-4-phenylbutylhN 1 -phenyl-L- 
prolinamide and 0.244 g of N-(benzyloxycarbonyl)-L-asparagine in 10 ml of tetrahydrofuran at 0*C. The 
mixture was stirred for 16 hours, then diluted with ethyl acetate and filtered. The filtrate was washed with 
sodium bicarbonate solution and sodium chloride solution and the solvent was then removed by evapora- 
tion. The residue was chromatographed on silica gel using dichloromethane/methanol (9:1) for the elution to 
45 give 0.22 g of N 2 -[3(S)-f[N-(benzyioxycarbonyl)-L-asparaginyl]amino]^ -2(R)-hydroxy-4-phenylbutyl>N 1 - 
phenyl-L-prolinamide in the form of a white solid of melting point 169-171 * C (from methanol). 

The N^PtSJ-amino^RJ-hydroxy^henylbutylJ-N^henyl-L-prolinamide used as the starting material 
was prepared as follows: 

(i) 3.5 g of sodium borohydride were added to an ice-cooled stirred solution of 21 g of [N- 
50 (benzyloxycarbonyl)-L-phenylalanyl]methyl chloride in 500 ml of aqueous tetrahydrofuran. Stirring was 
continued for 0.5 hour and the solvent was removed by evaporation. The residue was partitioned between 
dichloromethane and water and then carefully acidified with concentrated hydrochloric acid. After working- 
up the organic phase gave a white solid which ran as two spots; Rf 0.4. and 0.5 (5% methanot/chloroform). 
The solids were extracted with boiling hexane until ail of the higher running component had been extracted. 
55 The combined n-hexane extracts were evaporated and the residue was re-extracted with boiling n-hexane to 
remove a small amount (0.5 g) of the lower running component. In this manner there were obtained 1 1 .5 g 
of 3(S)-(benzyloxyformamido)-1-chloro-4-phenyt-2(S)-butanol of melting point 151-153* C (from ethyl 
acetate/n-hexane). 
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(ii) A solution of 11.4 g of 3(SHben2yloxyfonfnamldo)-1<hloro-^henyl-2(S)-butanol in 300 ml of 
ethanol containing 2.24 g of potassium hydroxide was left to stand for 15 minutes. The solvent was 
removed by evaporation and the residue was partitioned between water and dichloromethane. Working-up 
gave 10.1 g of crude atSJ-fbenzyloxyformamidoJ-l^tSJ-epoxy^phenylbutane as an off-white solid which 
was used without further purification. 

(Hi) A solution of 0.594 g of 3(S)-(benzyloxyformamido)-1,2(S)-epoxy-4-phenyIbutana and 0.38 g of 
N 1 -phenyM_-prolinamide in 5 ml of dimethylformamide was heated to 90* C for 16 hours and then to 120* C 
for 8 hours. The solvent was removed by evaporation and the residue was chromatographed on silica gel 
using diethyl ether/methanol (96:4) for the elution to give 0.48 g of NM3(SHben2yloxyformamido)-2(R)- 
hydroxy-4 -phenylbutylhN 1 -phenyl-L-prolinamide in the form of a white solid of melting point 133-135*0 
(from diethyl ether). 

(iv) A solution of 0.45 g of N 2 -[3(S)-(ben2yloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N 1 -phenyl-L- 
prolinamide in 20 mi of ethanol was hydrogenated over 10% paliadium-on-carbon for 4 hours to give 0.315 
g of ^-^(Shamino^tRhhydroxy^phenylbutylhN^phenyl-L-prolinamide in the form of a white solid; MS: 
m/e354[M + Hf. 



Example 34 



In a manner analogous to that described in Example 33, from 0.987 mg of 2-[3(Sy 
(benzyio>cyformamido)-2(R)-hydroxy-4^^ 

isoquinolinecarboxamide, 0.665 g of N-(benzyloxycarbonyl)-L-asparagine, 566 mg of dicyclohexylcar- 
bodiimide, 0.337 g of hydroxybenzotriazole and 0.287 g of N-ethylmorpholine there was obtained 0.5 g of 2- 
^(SHtNKbenzyloxycarbonylK-asparaginyllamino] -2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-1,2,3,4- 
tetrahydro-3(R,SHsoquinolinecarboxamide as a pale cream foam: MS: m/e 644 [M + H]*. 



Example 35 



In a manner analogous to that described in Example 33, from 0.225 g of dicyclohexylcarbodiimide, 
0.135 g of hydroxybenzotriazole, 0.115 g of N-ethylmorpholine, 0.38 g of NM3(S)-amino-2(R)-hydroxy-4- 
phenylbutyl]-N 1 -benzyl-L-prolinamide and 0266 g of N-(benzyloxycarbonyl)-L-asparagine there was ob- 
tained 0.056 g of N 1 -benzyl-N 2 -[3(SH[N-(benzyloxycarbonyl)-L- asparaginyl]aminoh2(R)-hydroxy-4- 
phenylbutylK-prolinamide as a white solid: MS: m/e 616 [M + H]\ 



Example 36 



A solution of 270 mg of N-[3(SHbenzyloxyformamido)-4-(4-fluorophenyl)-2(R)-hydroxybutyl]-L-proline 
tertbutyl ester in 50 ml of ethanol was hydrogenated over 30 mg of 10% paJladium-on-carbon for 2 hours. 
The catalyst was removed by filtration and the filtrate was evaporated to give an oil which was coupled with 
158 mg of N-(benzyioxycarbonyl)-L-asparagine in a manner analogous to that described in Example 1. The 
crude product was chromatographed on silica gel using 10% methanol in dichloromethane for the elution. 
There were obtained 120 mg of rH3(S)-[[N-(benzyloxy<*rbonyl)-L-asparagta^ 
(RHiydroxybutylK-proline tertbutyl ester as a white solid of melting point 163-164* C. 

The N-{3(SHbenzyloxyformamido)-4-(4-fluorophenyl)-2(R)-hydroxybutyl]-L-proline tertbutyl ester used 
as the starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 19(i). 7.70 g of N-(benzyloxycarbonyl) 3-<4- 
fiuorophenyl)-OL-alanine were treated with isobutyl chloroformate followed by reaction with diazomethane to 
give 7.15 g of benzyl [2-(4-fluorophenyl)-1(RSH2-diazoacetyl)ethyl] carbamate as a yellow solid of melting 
point 97* C. 

(ii) Treatment of the above product with hydrogen chloride in a manner analogous to that described 
in Example 19(H) gave 6.70 g of [N-(benzyloxycarbonyl)-3-(4-fluorophenyl)-DL-aIanyl]methyl chloride which 
was used without further purification. 



26 



EP 0 346 847 A2 



(iii) Reduction of 6.30 g of the above product with sodium borohydride in a manner analogous to that 
described in Example 19(iii) gave 5.83 g of a mixture of alcohols- This mixture was chromatographed on a 
column of silica gel using 2% methanol in dichloromethane for the elution to give 0.95 g of threo-3- 
(benzyloxyformamido)-1-chloro-4-(4-fluorophenyl)-2'butanol as a white solid. Further elution of the column 
with the same solvent system gave 325 g of erythro-3-(benzyloxyformamido)-1-chloro-4«<4-fluorophenyl)-2- 
butanol as a white solid of melting point 148-149* C. 

(iv) Treatment of 3.20 g of erythro-3-(benzyloxyformamidoH-cW with 
ethanolic potassium hydroxide solution in a manner analogous to that described in Example I9(iv) gave 
2.03 g of erythro-3-(benzyloxyformamido)-1,2-epoxy-^(4-fluorophenyl)butane as a white solid; MS: m/e 315 
[M)\ 

(v) 0.63 g of the above product was treated with L-proiine tertbutyl ester in a manner analogous to 
that described in Example 19(v). The crude product was chromatographed on a column of silica gel using 
5% methanol in dichloromethane for the elution. There was obtained 0.26 g of N-[3{R)- 
(ben2yloxyformamido)-4-(4-fluorophenyl)-2(S)-hydroxybutyl]-L-proline tertbutyl ester as a colourless oil; 
NMR (CDCIa, 300 MHz) 5 1.47 (9H,s)» 1.75-1.95 <4H,m) f 2.05-2.15 (1H,m), 2.25-2.35 (1H.M), 2.50-3.00 
(4H,m), 3.20 (2H,m). 3.58 (IH.rn), 3.85 <1H,m), 4.88 (1H,d), 5.00 (2H,dd). 6.94 (2H,t), 7.13-7.37 (7H,m). 

Further elution with the same solvent system yielded 0.275 g of N-[3(S)-(benzyloxyformamido)-4-(4- 
f!uorophenyl)-2(R)-hydroxybutyl]-L-proline tertbutyl ester as a colourless oil; NMR (CDCI 3 , 300 MHz) 5 1.42 
(9H,s), 1.75-1.95 (4H.m). 2.05-2.20 (1H,m), 2.54-2.80 (3H,m), 2.85-2.98 (2H,m), 3.03-3.24 (2H.m), 3.44 
(1H,m), 3.92 (1H t m) t 4.88-5.06 <3H,m), 6.93 (2H,t), 7.10-7.40 (7H f m). 



Example 37 



A solution of 730 mg of N-[3(SHbenzyloxyformamido)-2(R)-hydroxy-4-(4-methoxyphenyl)butyll-L-proline 
tertbutyl ester in 20 ml of ethanol was hydrogenated over 50 mg of 10% palladium-on-carbon for 2 hours. 
The catalyst was removed by filtration and the filtrate was evaporated to give an oil which was coupled with 
340 mg of N-(benzyIoxycarbonyl)-L-asparagine in a manner analogous to that described in Example 1 . The 
crude product was chromatographed on a column of silica gel using 10% methanol in dichloromethane for 
the elution. There were obtained 82 mg of N-[3(S)-aN-{benzyloxycarbonylhL-asparaginyl]amino]-2(R)- 
hydroxy-4-(4-methoxyphenyl)butyl]-L-proline tertbutyl ester as a white solid; MS: m/e 613 [M + H]*. 

The N-[3(S)-(benzyloxyformamido)-2(R)-hydroxy 4-(4-methoxyphenyl)butyl]-L-proline tertbutyl ester 
used as the starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 19(i) t 3.10 g of N-(benzyloxycarbonyl)-3-(4- 
methoxyphenylK-alanine were treated with isobutyl chloroformate followed by diazomethane to give 2.83 g 
of benzyl [2-(4-methoxyphenyl)-1(SH2-diazoacetyl)ethyl] carbamate as a pale yellow solid, of melting point 
88-90 "C. 

(ii) 2.80 g of the above product were treated with hydrogen chloride in a manner analogous to that 
described in Example 19(H) to give 2.85 g of [N-(benzyloxycarbonyl)-3-(4-methoxyphenyl)-L-alanyl]methyl 
chloride as a white solid of melting point 107* C. 

(iii) The above product was treated with sodium borohydride in a manner analogous to that described 
in Example 19(iii). The crude product was triturated with 30 ml of 5% methanol in dichloromethane to give 
1.15 g of 3(S)-(benzyioxyformamido)-1-chloro-4-(4-methoxyphenyl)-2(S)-butanol as a white solid; MS: m/e 
363, 365 [Mf . 

(iv) The above product was treated with ethanolic potassium hydroxide solution in a manner 
analogous to that described in Example 19(iv) to give 0.86 g of 3(SHbenzyloxyformamido)-1,2(S)-epoxy-4- 
(4-methoxyphenyl)butane as a white solid of melting point 86-87* C. 

(v) 0.51 g of the above product was treated with L-proline tertbutyl ester in a manner analogous to 
that described in Example 19(v) to give 0.63 g of N-[3(SHbenzyloxyformamido)-2(R)-hydroxy-4-(4-methox- 
yphenyi)butyl]-L-pro!ine tertbutyl ester as a colourless oil; MS: m/e 498 [M]\ 



Example 38 
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A solution of 1.58 g of ^[3(S)-(benzyloxyformamido)-4-(4-tert.btf^ 
tertbutyi-L-prolinamide in 200 ml of ethanol was hydrogenated over 100 mg of 10% palladium-on-carbon 
for 4 hours. The catalyst was removed by filtration and the filtrate was evaporated to give an oil which was 
coupled with 0.74 g of N-(benzyloxycarbonyl)-L-asparagine in a manner analogous to that described in 
Example 1. The crude product was chromatographed on a column of silica gel using 10% methanol in 
dichloromethane for the elution. There was obtained 0.59 g of NH3(SH[N-(benzyloxycarbonyl)-L- 
asparaginyJ]amino]-4-(4-tertbutoxy^ as a white solid; 

MS:'m/e654[M + H]\ 

The ^-[3(SMbenzyloxyformamidoh4-(^^ 
linamide used as the starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 19(i), N-(benzyloxycarbonyl)-3-(4- 
tertbutoxyphenyl)-L-alanine (prepared from 7.45 g of the dicyclohexylammonium salt) was treated with 
isobutyl chforofbrmate followed by reaction with diazomethane to give 3.58 g of benzyl [2-(4- 
tert.butoxyphenyl)-1(SH2-diazoacetyl}ethyl] carbamate as a yellow solid of melting point 80-82* C. 

(ii) Treatment of the foregoing carbamate with hydrogen chloride In a manner analogous to that 
described in Example 19(ii) gave 3.6 g of [N-(benzyloxycarbonyl)-3-(4-tert.butoxyphenyl)-L-alanyl]methyl 
chloride which was used without further purification. 

(iii) Reduction of the foregoing chloride with sodium borohydride in a manner analogous to that 
described in Example 19(iii) gave a mixture of alcohols which was triturated with hot n-hexane to give 3.14 
g of a white solid. This solid was recrystaliized from a mixture of ethyl acetate and n-hexane to give 1.88 g 
of 3(S)-(benzyloxyformamido)-4-(4-tert.butoxyphenyl)-1-chIoro-2(S)-butanol as a white solid; NMR (CDCI3, 
250 MHz) 5 1.35 (9H,s). 2.85-3.05 (3H.m), 3.50-3.70 (2H,m), 3.80-3.90 (1H,m), 3.92-4.04 (1H t m), 4.85 (1H.d), 
5.00-5.10 (2H,m), 6.93 (2H.d) t 7.10 (2H,d), 7.25-7.40 (5H,m). 

(iv) 5.52 g of the above product were treated with ethanolic potassium hydroxide solution in a manner 
analogous to that described in Example 19(iv) to give 4.98 g of 3(SMbenzyloxyformamido)-4-(4-tert.butoxy 
phenylH ,2(S)-epoxybutane as a colourless gum; NMR (CDCI3, 250 MHz) 5 1.36 (9H,s), 2.75-3.05 (5H,m), 
3.76 (1H,m), 4.73 (1H,d), 5.07 (2H,s), 6.95 (2H,d), 7.10 (2H,d), 7.25-7.40 (5H,m). 

(v) 2.50 g of the above product were treated with NMertbutyl-L-prolinamide in a manner analogous 
to that described in Example 19(v) to give 1.58 g of N 2 -[3(S)-(benzyloxyformamido)-4-(4-tertbutoxyphenyl)- 
2(R)-hydroxybutyl]-N 1 -tertbutyl-L-prolinamide as a colourless oil; MS: m/e 539 [M]\ 



Example 39 



A solution of 200 mg of N 2 -[3(S)-[tN-(benzyloxycarbonyl)-L-asparaginyl]aminoJ-4-(4-tert.butoxyphenyl)-2- 
(R)-hydroxybutyl>NMert.butyl-L-prolinamide in 5 ml of trifiuoroacetic acid was stirred at room temperature 
for 20 hours. The solution was poured into excess saturated sodium hydrogen carbonate solution and the 
mixture was extracted with three 30 ml portions of dichloromethane and three 30 ml portions of ethyl 
acetate. The combined extracts were dried over anhydrous sodium sulphate and evaporated to give 100 mg 
of a colourless gum. This was chromatographed on a column of silica gel using 10% methanol in 
dichloromethane for the elution to give 42 mg of a glass-like solid. This solid was triturated with a mixture of 
1 ml of diethyl ether and 3 ml of n-hexane to give 28 mg of NM3(SH[N-(benzyloxycarbonyl)-L-asparaginyl]- 
aminol-2(R)-hydroxy-4-(4-hydroxyphenyl)butylhN 1 -tert.butyl-L-prolinamide trifiuoroacetate as a glass-like 
solid; MS: m/e 598 [M-CF 3 C0 2 f . 



Example 40 



In a manner analogous to that described in Example 1, from NH3(SHbenzyloxyformamido)-2(R)- 
hydroxy-4-phenylbutyl>N 1 -tertbutyl-L-prolinamide and N-(benzyloxycarbonyl)-L-aspartic acid 4-methyl ester 
there was obtained NM3(SH[N-(tenzyloxy(^rt>onyl)-^ 

phenylbutyiJ-N'-tertbutyl-L-proiinamide as a glassy solid of melting point 55-60* C; MS: m/e 597 [M + H]*. 



Example 41 
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In a manner analogous to that described in Example 1, from rH3(S)-(benzyloxyformamido)-2(R)- 
hydroxy-4-phenylbutylhN 1 -tert butyl-L-prolinamide and N-(benzyloxycarbonyl)-L-methionine there was ob- 
tained NM3(SH[N-(benzyloxycarbonylK-me 
Hnamide as a white solid of melting point 132-133* C. 



Example 42 



NM3(SH[N.3-bis(Benzylo>tycato^ 
prolinamide was prepared from NH3(S>-(benzyloxyfon^amido)-2(R)-hydroxy-4-phenylbutyl]-N 1 -tertbutyl-L- 
prolinamide and N,3-bis(benzyloxycarbonyl)-L-histidine in an analogous manner to that described in Exam- 
ple 1 and was obtained as a colourless glass; MS: m/e 739 [M + H]\ 



Example 43 



A solution of 30 mg of N2-[3(S)-[[N,3-bis(ben2yloxycarbonyl)-L-histidyl]aminoh2(R)-hydroxy-4- 
phenylbutylhNMertbutyl-t-prolinamide in 6 ml of 2M hydrochloric acid was stirred at room temperature 
overnight The mixture was neutralized by the addition of 2M sodium hydroxide solution and extracted with 
two 10 ml portions of dichloromethane- The combined extracts were dried over anhydrous sodium sulphate 
and evaporated. The crude product was triturated with diethyl ether to give 14 mg of NM3(S)-[[N- 
(benzyloxycarbonylK-histidyi]amino^ as a white so1 " 

id of melting point 100* C (decomposition); MS: m/e 604 [M]\ 



Example 44 



In a manner analogous to that described in Example 21, from 224 mg of N-[3(SH[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl>L-proline tertbutyl ester, 70 mg of benzoyl chloride and 65 mg of 
diisopropylethylamine there were obtained, after chromatography on silica gel using 10% methanol in 
dichloromethane for the elution. 20 mg of N-[3(S)-{(N-benzoyl-L-asparaginyl)amino]-2(R)-hydroxy-4- 
phenylbutyll-L-proline tertbutyl ester as a white solid from methanol/diethyl ether: MS: m/e 553 [M + H]\ 



Example 45 

In a manner analogous to that described in Example 27, from 224 mg of N-[3(SH[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl]-L-proline tertbutyl ester, 93 mg of 1-naphthylacetic acid, 68 mg of hydroxyben- 
zotriazole, 58 mg of N-ethylmorpholine and 113 mg of dicyclohexylcarbodiimide there were obtained, after 
chromatography on silica gel using 10% methanol in dichloromethane for the elution, 106 mg of N-[2(R>- 
hydroxy-3(S)-HN^2-(1-naphthyl)ace^ tertbutyl ester as a 

white solid from methanol/ diethyl ether; MS: m/e 617 [M + H]\ 



Example 46 



In a manner analogous to that described in Example 27, from 493 mg of N-[3(S)-{[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl}-L-proline tertbutyl ester, 190 mg of qulnaldic acid, 149 mg of hydroxyben- 
zotriazole, 127 mg of N-ethylmorpholine and 249 mg of dicyclohexylcarbodiimide there were obtained, after 
chromatography on silica gel using 10% methanol in dichloromethane for the elution, 167 mg of N-[2(R>- 
hydroxy-4 phenyk3(SH[N-(2-quinolylcarbonyl)-L-asparaginyl]amino]butyl]-L-proline tertbutyl ester as a 
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white solid from methanol/diethyl ether; MS: m/e 604 [M + H]*. 



Example 47 



In a manner analogous to that described in Example 27, from 234 mg of N-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl]-L-proline tertbutyl ester, 96 mg of 4-chlorohydrocinnamic acid, 70 mg of 
hydroxybenzotriazole, 60 mg of N-ethylmorpholine and 118 mg of dicyclohexylcarbodiimide there were 
obtained, after chromatography on silica gel using System Q for the elution, 171 mg of N-[3(SH[N-(4- 
chlorohydrodnnamoylK-asparaginyflamino^ tertbutyl ester as a white 

solid; MS:m/e615[M + Hf . 



Example 48 



In a manner analogous to that described in Example 27, from 234 mg of N-[3(SH[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl>L-proline tertbutyl ester, 80 mg of 1-isoquinolinecarboxylic acid, 70 mg of 
hydroxybenzotriazole, 60 mg of N-ethylmorpholine and 118 mg of dicyclohexylcarbodiimide there were 
obtained, after chromatography on silica gel using 10% methanol in dichloromethane for the elution, 146 
mg of N-[2(R)-hydroxy-3(S)-[[N-(lHSC^uinolylc^ 

tertbutyl ester as a pale cream solid from ethyl acetate/n-hexane; MS: m/e 604 [M + H]\ 



Example 49 



In a manner analogous to that described in Example 21, from 209 mg of N 2 -[3(SH[L-asparaginyl]- 
aminoh2(R)-hydroxy-4-phenylbutylhN 1 -tert.butyl-L-prolinamide, 89 mg of 2-naphthoyl chloride and 61 mg of 
diisopropylethylamine there were obtained 191 mg of N 1 -tertbutyl-N 2 -[2(R)-hydroxy-3(S)-t[N-(2-naphthoyl)- 
L-asparaginyl]amlno]-4-phenylbutyl>L-prolinamide as a white solid: MS: m/e 602 [M + H]*. 

The starting material was prepared by hydrogenating rP-^fSJ-ffN-tbenzyloxycarbonyO-L-asparaginyl]- 
amino]-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide; MS: m/e 582 [M + H]\ The latter compound 
was obtained in a manner analogous to that described in Example 33, but using N 1 -tertbutyl-L-proiinamide 
in paragraph (Hi) in place of N'-phenyl-L-prolinamide. 



Example 50 



A solution of 2.798 g of 1-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-octahydro-cyclopenta(b]- 
pyrrole-2-carboxamide (four diastereomers) and 2.72 g of N-(benzyloxycarbonyi)-L-asparagine succinimide 
ester in 50 ml of dimethoxyethane was stirred at 20° C for 2 hours and the solvent was then removed by 
evaporation. The residue was taken up in ethyl acetate and the solution was washed with aqueous sodium 
carbonate solution and sodium chloride solution. The organic solution was evaporated and the residue was 
chromatographed on silica gel using System Q for the elution. There were obtained 434 mg of 1-[3(S)-[[N- 
(benzyloxycarbonyl>-L-asparaginyl]amino^ 

cyclopenta[b]pyrrole-2(S)-carboxamide as a white solid from ethyl acetate; MS: m/e 622 [M + H]*; Rf: 0.22. 

The H3(S)-amino-2(R)-hydroxy^phenylbutyl>^ 
amide used as the starting material was prepared as follows: 

(i) A solution of 2.98 g of 3(SHbenzyloxyformamido)-1.2(S)-epoxy-4^henylbutane and 2.1 g of re- 
tort butyl-octahydro-cyclopenta[b]pyrrole-2<a^ in 50 ml of ethanol was heated at reflux for 10 
hours and the solvent was then removed by evaporation. Chromatography on silica gel using System H for 
the elution then gave 4.7 g of 1-[3(S)^nzyloxyfonnamido)-2(R)^ydroxy-4^henylbutyl]-N-tertbutyl- 
octahydroK^clopentatb]pyrrole-2-carboxamide as a mixture of four diastereomers: MS: m/e 508 [M + H]\ 
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(ii) A solution of 4.6 g of H3(SHbenzyloxyformamido)-2(R)-hyclroxy-4-phenylbiJtylhN-tert.butyl- 
octahydro-cyclopenta[b]pyrro!8-2-carboxamid© (four diastereomers) in 90 ml of ethanol was hydrogenated 
over 10% palladium-on-carbon at 20* C and under atmospheric pressure for 72 hours. The catalyst was 
removed by filtration and the filtrate was evaporated to give 2.958 g of 1-[3(S)-amino-2(R)-hydroxy-4- 
phenylbutyl>N-tert.butyl-octahydro-cycl^^ (four diastereomers) as a brownish 

oil; MS:m/e508 [M + H]*. 



Example 51 



In a manner analogous to that described in Example 27, from 310 mg of l-[3(S)-[[L-asparaginyl]amino> 
2(R)-hydroxy-4-phenylbutyl]-N-teitbutyl-<H^ 111 
mg of quinaldic acid, 86 mg of hydroxybenzotriazole, 74 mg of N-ethylmorpholine and 132 mg of 
dicyclohexylcarbodiimide there were obtained, after chromatography on silica gel using 
dichloromethane/methanol (9:1) for the elution, 200 mg of N-tert.butyl-octahydro-1-[2(R)-hydroxy-4-phenyl-3- 
(S)-nNK2-quinolylcarbonyl^ as 
a white solid; MS: m/e 643 [M + HJ*. 

The 1-[3(S)-[[l-asparaginyl]amino]-2(R)^ 
cyciopenta[b]pyrrote-2(SK&rtoxamide used as the starting material was prepared as follows: 
A solution of 397 mg of 1-[3(SH[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl^ 
N-tertbutyl-cw^ydrch(3aS f 6aSKyclopenta[b]pyrrole-2(S)-cart^ in 20 ml of ethanol was hydroge- 
nated over 10% palladium-on-carbon at 20* C and under atmospheric pressure for 4 hours. The catalyst 
was removed by filtration and the filtrate was evaporated to give 312 mg of 1-[3(SH[L-asparaginyl]amino]-2- 
(R)-hydroxy-4-phenylbutylhN-tert.butyl^^ as a 

pale yellow gum; MS: m/e 488 [M + H]\ 



Example 52 



In a manner analogous to that described in Example 27, from 295 mg of N^PCSKEL-asparaginyl]- 
amino]-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide, 204 mg of 6-(benzyloxycarbonyl)-2-naph- 
thoic acid, 20 mg of hydroxybenzotriazole, 77 mg of N-ethylmorpholine and 151 mg of dicyclohexylcar- 
bodiimide there were obtained, after chromatography on silica gel using System Q for the elution, 340 mg 
of NM3(S)-[[N-[6-(benzyloxycarbonyl^^ 

tertbutyl-L-prolinamide as an off-white solid from ethyl acetate/n hexane; MS: m/e 736 [M + H]*. 



Example 53 



294 mg of NM3(S>[[N-{6-(benzyloxycarbonyl)-2-napm 
phenylbutyl]-NMert.butyl-L«proiinamide in 100 ml of isopropanol was hydrogenated over 10% palladium-on- 
carbon at 20* C and under atmospheric pressure for 16 hours. The catalyst was removed by filtration and 
the filtrate was evaporated to give 145 mg of N 2 -[3(S)-[[N-(6-carboxy-2-naphthoyl)-L-asparaginyl]amino]-2- 
(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide as a white solid from methanol/ethyl acetate; MS: m/e 
646 [M + H]*. 



Example 54 



In a manner analogous to that described in Example 27, from 295 mg of N 2 -[3(SH[l--asparaginylh 
aminoJ^R^hydroxy^henylbutylhN 1 -tertbutyl-L-prolinamide, 171 mg of 4-(benzyloxycarbonyl)benzoic 
acid, 90 mg of hydroxybenzotriazole, 77 mg of N-ethylmorpholine and 151 mg of dicyclohexylcarbodiimide 
there were obtained, after chromatography on silica gel using System G for the elution, 390 mg of NM3(S)- 
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KINK4Kbenzyloxyc»rbonyOberc^ 

prolinamide as an off-white solid from ethyl acetate/n-hexane; MS: m/e 686 [M + H]*. 



Example 55 



274 mg of N^[3(S)-t[N-[4-(benzyloxycarbonyl)ben2oyl]-L-asparaginyl]amino]-2(R)-hydroxy-4- 
phenylbutyl-N'-teitbutyl-L-prolinamide in 100 ml of isopropano! were hydrogenated over 10% palladium-on- 
carbon at 20 # C and under atmospheric pressure for 16 hours. The catalyst was removed by filtration and 
the filtrate was evaporated to give 193 mg of N 2 -[3{SH[N-(4-carboxybenzoyl)-L-asparaginyl]amino]-2(R)- 
hydroxy-4-phenyibutylJ-N 1 -tert.butyl-L-prolinamide as a white solid from methanol/ethyl acetate; MS: m/e 
596 [M + H]*. 



Example 56 



In a manner analogous to that described in Example 27, from 228 mg of IsP-tStShflL-asparaginyl]- 
amino]-2(R)-hydroxy-4-phenylbutylhN 1 -tert.butyl-L-prolinamide t 98 mg of 4-nitrocinnamic acid, 69 mg of 
hydroxybenzotriazole, 59 mg of N-ethylmorpholine and 116 mg of dlcyclohexylcarbodiimide there were 
obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution, 68 mg of 
N 1 -tert.butyl-NM2(R)-hydroxy-3(^ 

as a white solid from methanol/diethyl ether; MS: m/e 623 [M + H]*. 



Example 57 



A solution of 200 mg of N 1 -tert.butyl-N^[2(R)-hydroxy-3(SH[N-(4-nitrocinnamoyl)-L-asparaginyl]amino 
4-phenylbutylK-prolinamid8 in 20 ml of ethanol was hydrogenated over 10% palladium-on-carbon at 20 *C 
and under atmospheric pressure for 5 hours. The catalyst was removed by filtration and the filtrate was 
evaporated. The residue was chromatographed on silica gel using dichioro methane/methanol (9:1) for the 
elution to give 40 mg of NM3(S)-[[N-(4-aminohydroclnnamoyl)-L-asparaginyl]amino]-2(R)-hydroxy-4- 
phenylbutyl]-NMert.butyl-L-prolinamide as a white solid from methanol/ethyl acetate; MS: m/e 595 [M + H]\ 



Example 58 



In a manner analogous to that described in Example 27, from 418 mg of N^^SHIL-asparaginyl]- 
aminoh2(RHiydroxy-4-phenylbutylhN 1 -tertbutyl-L-prolinamide. 205 mg of 1-acetyM,2,3,4-tetrahydro-2- 
(R,S)-quinoline-carboxyifc acid, 127 mg of hydroxybenzotriazole, 108 mg of N-ethylmorpholine and 212 mg 
of dlcyclohexylcarbodiimide there were obtained, after purification by chromatography on silica gel using 
dichloromethane/methanol (9:1) for the elution, 220 mg of NH3(S)-[[N-[(1 -acetyl- 1 ,2,3.4-tetrahy dro-2(RS)- 
quinolyl)cartonylK-asparaginyl]am^ (two dia- 

stereomers) as a white solid from dichloromethane/diethyl ether; MS: m/e 649 [M + H]\ 



Example 59 



In a manner analogous to that described in Example 27, from 418 mg of NH3(SH(L-asparaginyl)- 
amino]-2(R)-hydroxy-4-phenylbutyI]-N 1 -tertbutyl-L-prolinamide f 179 mg of 1,2,3,4-tetrahydro-1-oxo-3(RS)- 
isoquinolinecarboxylic acid, 127 mg of hydroxybenzotriazole, 108 mg of N-ethylmorpholine and 212 mg of 
dlcyclohexylcarbodiimide there were obtained, after chromatography on silica gel using System I for the 
elution. 132 mg of N^tertbutyl-N^PCSHIN-KI A3,4-tetrahydro-1-oxo-3(R or S)-isoquinoIyl)carbonyl]-L- 
asparaginyl]amino]-2(R)-hydroxy-4-phenyibutyl]-L-prolinamide (diastereomer A) as a white solid from 
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methanol/diethyl ether, MS: m/e 621 [M + H]*, and 66 mg of NMeitbutyl-NMStSHIN-IO ,2,3,4- tetrahydro-1- 

oxo-3(R or S)-isoquinolyl)carfeonylK-asparaginyU^ 

(diastereomer B) as a white solid from methanol/diethyl ether; MS: m/e 621 [M + H]\ 



Example 60 



In a manner analogous to that described in Example 27, from 418 mg of N 2 -[3(SH[L-asparaginyl]- 
aminoh2(R)-hydroxy-4-phenylbutylhN 1 -tert.butyl-L-prolinamide, 218 mg of 2-acetamido-1,2,3,4-tetrahydro-2- 
naphthoic acid. 127 mg of hydroxybenzotriazole, 108 mg of N-ethylmorpholine and 212 mg of dicyclohexyl- 
carbodiimide there were obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) 
for the elution, 142 mg of N 2 -[3(S)-[[N-[2(R or S)-acetamido-1,2,3,4-tetrahydro-2-naphthoylhL-asparaginyl]- 
amino}-2(R)-hydroxy-4-phenylbutylj-N 1 -tertbutyl-L-prolinamide (diastereomer A) as a white solid: MS: m/e 
663 [M + H]*, and 80 mg of NH3(S)-t[N-{2(R or S)-acetamido-1.2,3,4-tetrahydro-2-naphthoylhL-asparaginyl]- 
amino]-2(R)-hydroxy-4-phenylbutylJ-N 1 -tert.butyl-L-prolinamide (diastereomer B) as a white solid: MS: m/e 
663 [M + H]\ 



Example 61 



' In a manner analogous to that described in Example 27, from 209 mg of N2-[3(S)-[[L-asparaginyl]- 
aminoh2(R)-hydroxy-4-phenyibutylhN , -tert.butyl-L-prolinamide, 81 mg of quinaldic acid. 63 mg of hydrox- 
ybenzotriazole, 54 mg of N-ethylmorpholine and 106 mg of dicyclohexylcarbodiimide there were obtained, 
after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution, 88 mg of N2-[2(R)- 
hydro)cy-4-phenyl-3(SH[N-(2<p^ as a 

white solid; MS: m/e 603 [M + H]\ 



Example 62 



A solution of 844 mg of 1-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2(S)-piperidinecarbo- 
xamide and 882 mg of N-(benzy!oxycarbonyl)-L-asparagine succinimide ester in 25 ml of tetrahydrofuran 
was stirred at 20 *C for 16 hours and then evaporated. The residue was dissolved in 50 ml of dich- 
loromethane and the organic solution was washed with saturated sodium chloride solution and water. The 
solvent was removed by evaporation and the residue was chromatographed on silica gel using 
dichloromethane/methanol (9:1) for the elution. There were obtained 461 mg of 1-[3(S)-[[N- 
(benzyloxycarbonylK-asparaginyl]amino 

piperidinecarboxamide as a pale cream solid: MS: m/e 596 [M + H] . 

The 1-[3(S)-aminch2(R)-hydroxy-4-ph used as the 

starting material was prepared as follows: 

0) 2.576 g of N-tert.butyl-2(S)-piperidinecarboxamide and 4.158 g of 3(S)-(benzyloxyformamido)-1 ,2- 
(S)-epoxy-4-phenylbutane in 70 ml of ethanol was heated at reflux for 16 hours. The solvent was removed 
by evaporation and the residue was dissolved in 100 ml of diethyl ether and treated with 10 g of activated 
magnesium silicate. The solvent was then removed by evaporation and there were obtained 6.16 g of 1-[3- 
(SMbenzyloxyfonnamido)-2(R)-hy^ as a colour- 

less glass; MS: m/e 482 [M + H]\ 

(ii) A solution of 1.25 g of 1-[3(SMtenzyloxyfonnamido)-2^^ 
pfperidinecarboxamide in 80 ml of ethanol was hydrogenated over 10% palladium-on-carbon at 20 *C and 
under atmospheric pressure for 16 hours. The catalyst was removed by filtration and the filtrate was 
evaporated to give 0.844 g of H3(S)-amino-2{R)-hydroxy-4-phenylbutylhN tertbutyl 2(S)-piperidinecarbox- 
amide as a pale yellow gum; MS: m/e 348 [M + H] . 



Example 63 
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In a manner analogous to that described in Example 21, from 226 mg of 1-[3(SH[L-asparaginyl]amino]- 
2{R)-hydroxy-4-phenylbutyl]-N-tertbutyl-2(S)-piperidinecarboxamide f 93 mg of 2-naphthoyl chloride and 63 
mg of diisopropylethylamine there were obtained, after chromatography on silica gel using 
dichloromethane/methanot (9:1) for the elution, 76 mg of N-tert.butyl-1-[2(RHiydroxy-3(S)-tlN-(2<»aphthoyl)- 
L-asparaginyl]amino]^phenylbutylh2(S)-plperidlnecajtoxamide as a white solid; MS: m/e 616 [M + H]*. 

The 1-[3(S)-HL-asparaginyl]aminoh2(R)-hydro 
used as the starting material was prepared by hydrogenating 1-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N- 
tertbutyl-2(S)-piperidinecaiboxamide. 



Example 64 

In a manner analogous to that described in Example 27, from 226 mg of H3(S)-[tL-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2(S)-pipeiidinecarboxamide, 85 mg of of quinaldic acid, 56 mg of 
N-ethylmorpholine, 66 mg of hydroxybenzotriazoie and 111 mg of dicyclohexylcarbodiimide there were 
obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution, 100 mg of 

N-tert.butyM-{2(R)-hydroxy-4-phenyl-3(SHW 
piperidinecarboxamide as a white solid; MS: m/e 617 [M + H]*. 



Example 65 



In a manner analogous to that described in Example 27, from 228 mg of N 2 -[3(S)-[tL-asparaginyl]- 
amino]-2(R)-hydroxy-4-phenylbutyi]-N 1 -tert.butyl-L-prollnamide, 88 mg of 3-isoquinolinecarboxylic acid, 69 
mg of hydroxybenzotriazoie, 59 mg of N-ethylmorpholine and 116 mg of dicyclohexylcarbodiimide there 
were obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution, 88 
mg of N 1 -tert.butyI-NM2(R)^ydroxy-3(SH[N-(3-isoquinolylcartonyl)-L^^ 
prolinamide as a white solid; MS: m/e 603 [M + H]*. 



Example 66 



In a manner analogous to that described in Example 27. from 228 mg of N 2 -[3(S)-[[L-asparaginyl]- 
amino}-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyI-L-prolinamide, 88 mg of 3-qulnolinecarboxylic acid, 69 mg 
of hydroxybenzotriazoie, 59 mg of N-ethylmorpholine and 116 mg of dicyclohexylcarbodiimide there were 
obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution, 86 mg of 
NMertJ3utyl-NH2(R)-hydroxy-4-ph 
prolinamide as a white solid; MS: m/e 603 [M + H]*. 



Example 67 



In a manner analogous to that described in Example 27, from 295 mg of N^^fSHlL-asparaginyi]- 
amino]-2(R)-hydroxy-4-phenylbutylhN 1 -tert.butyl-L-prolinamide, 214 mg of 3-(benzyloxyformamido)-2-naph- 
thoic acid, 90 mg of hydroxybenzotriazoie, 77 mg of N-ethylmorphoiine and 151 mg of dicyclohexylcar- 
bodiimide there were obtained, after chromatography on silica gel using System G for the elution, 380 mg 
of NM3(SHt*H3-(benzyloxyformaunido)-2-naph^ 

tertbutyl-L-prolinamide as a white solid from methanol; MS: m/e 751 [M + H]\ 



Example 68 
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A solution of 216 mg of 1-[3(S)-amino-2(R)-hydroxy-4-phenylbuty^ 
(R or SKarboxamide (diastereomer A), 151 mg of N-(benzyloxycaifconyl)-L-asparagine f 76 mg of hydrox- 
ybenzotriazole. 65 mg of N-ethylmorphoiine and 128 mg of dlcyclohexylcarbodiimide in 10 ml of 
tetrahydrofuran was stirred at 20* C for 16 hours. The solvent was removed by evaporation and the residue 
was chromatographed on silica gel using dichloromethane/methanol (92:8) for the elution. There were 
obtained 70 mg of H3(S)-ttl^(benzyloxy<ttrbonylK^ 

tertbutyl-2,3-dihydro-1H-indole-2(R or S)-carboxamide (diastereomer A) as a pale cream solid: MS: m/e 630 
[M + H]\ 

The 1-[3(S)-amino-2(R)-hydroxy^henylbutyl>N-tert.butyl-2,3^ihydro-1H-indole-2(R or S)-carboxamide 
used as the starting material was prepared as follows: 

(i) A solution of 891 mg of N-tert.butyl-2,3-dihydro-1H-indole-2(R or S)-carboxamide and 654 mg of 3- 
(SHbenzyloxyformamidoJ-I^SJ-epoxy^phenyibutane in 5 ml of dimethylformamide was heated to 140*C 
for 40 hours. The solvent was removed by evaporation and the residue was chromatographed on silica gel 
using diethyl ether/n-hexane (2:1) for the elution. There were obtained 300 mg of 1-[3(S)- 
(benzyloxyformamido)-2(R)-hydroxy-4-pheny lbutyl]-N-tertbutyl-2,3-dlhydro-1 H-indole-2(R or S)-carboxamide 
(diastereomer A) as a pale yellow oil, m/e 516 [M + H]*, and 290 mg of 1-[3(S)-(benzyloxyformamido)-2(R)- 
hydroxy- 4-phenylbutyl]-N-tertbutyl-2.3-dihydro-1H-indole-2(R or S)-carboxamide (diastereomer B) as a 
pale yellow oil; MS: m/e 516 [M + H]\ 

(ii) A solution of 300 mg of H3(S)-(ben2yloxyformamido)-2(R)-hydroxy-4-phenylbutylhN-tert.butyl- 
2,3-dihydro-1H-indole-2(R or S)-carboxamide (diastereomer A) In 20 ml of ethanol was hydrogenated over 
10% palladlum-on-carbon at 20* C and under atmospheric pressure for 16 hours. The catalyst was removed 
by filtration and the filtrate was evaporated to give 216 mg of 1-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N- 
tertbutyl-2,3-dihydro-1 H-indole-2(R or S)-carboxamide as a brownish oil. 



Example 69 



In a manner analogous to that described in Example 68, from 223 mg of 1-[3(S)-amino-2(R)-hydroxy-4- 
phenylbutyl]-N-tertbutyl-2.3-dihydro-1H-lndole-2(R or S)-carboxamide (diastereomer B) f 151 mg of N- 
(benzyloxycarbonyl)-L-asparagine. 76 mg of hydroxybenzotriazole, 65 mg of N-ethy!morpholine and 128 mg 
of dlcyclohexylcarbodiimide there were obtained 210 mg of 1-[3(SH[N-(benzyloxycarbonyl)-L-asparaginyi]- 
aminoh2(R)-hydroxy-4-phenyibutyl]-N-tert.butyl-2,3-dihydro-1H-indole-2(R or S)-carboxamide (diastereomer 
B) as a pale cream solid; MS: m/e 630 [M + H]*. 



Example 70 



A solution of 0.422 g of NH2(R)-hydroxy-4-phenyl-3(S)-[[^ 
butylhNMertbutyl-L-prolinamide and 142 mg of 3-chloroperbenzoic acid in 10 ml of dichloromethane was 
stirred at 20* C for 1 hour. The solvent was then removed by evaporation and the residue was chromatog- 
raphed on silica gel using dichloromethane/methanol (9:1) for the elution to give 289 mg of NMertbutyl-N 2 - 
[2(Rhhydroxy-4-phenyl-3(SH[N-(2^ l^-oxide as a 

white solid; MS: m/e 619 [M + H]\ 



Example 71 



A solution of 0.123 mg of N , -tertbutyi-l^[2(R>^ydroxy-4-phenyl-3(S)-tlN-(2-quinolylcarbonyl)-L- 
asparaginyl]amino]butylH-prolinamide N^xide and 35 mg of 3-chloroperbenzoic acid in 5 ml of dich- 
loromethane was stirred at 25 ' C for 24 hours. A further 70 mg of 3-chloroperbenzoic acid was added and 
the mixture was stirred at 20* C for 48 hours. The solution was washed with aqueous sodium carbonate 
solution and sodium chloride solution and the solvent was then removed by evaporation. The residue was 
chromatographed on silica gel using System J for the elution to give 70 mg of W-tertbutyl-N^ptR)- 
hydroxy-3(SHlN-(1 -oxido-2-quinolylcarbonyl)-L-asparaginy l]amino}-4-phenylbutylK-prolinamide N^-oxide as 
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an off-white solid from ethyl acetate; MS: m/e 635 [M +H]\ 



Example 72 

5 

A solution of 98 mg of 3-[3(Shamino-2(RHiydroxy-4-phenyfo^ 
oxamide dihydrobromide in 0.5 ml of dry dimethylformamide was stirred and cooled to -10* C in an ice/salt 
bath while there were added 44 mg of N-ethylmorphoiine followed by 76 mg of N-(benzyloxycarbonyl)-L- 

w asparagine succinimide ester. The mixture was allowed to warm to room temperature and was then stirred 
overnight Dimethylformamide was removed by evaporation under reduced pressure and the residue was 
dissolved in chloroform. The solution was washed with water, then dried over sodium sulphate and 
evaporated. The residual gum was purified by flash chromatography on silica gel using 4% methanol in 
dichloromethane for the elution. There were obtained 66 mg of 3-[3(SH[N-benzyloxycarbonylK- 

is asparaginyl]aminoh2(R)-hydroxy-4-pheny as a colourless 

foam. Analytically pure product was obtained by recrystailization from ethyl acetate; MS: m/e 600 [M + H]\ 

The 3-[3(S)-amino-2(R)-hydroxy-4-phenyIbutyl]-N^ 
dihydrobromide used as the starting material was prepared as follows: 

(i) A solution of 2.67 g of N-benzyioxycarbonyl-4(RHhiazoKdinecarboxylic acid in 42 ml of dry 

20 tetrahydrofuran was stirred and cooled to -15* C in an ice/salt bath while there were added 1.15 g of N- 
ethylmorpholine followed after 2 minutes by 1 .87 g of isobutyl chloroformate. After a further 3 minutes 0.73 
g of tert butylamine was added dropwise and the mixture was then allowed to warm to room temperature 
and was stirred overnight Tetrahydrofuran was removed by evaporation under reduced pressure and the 
residue was dissolved in dichloromethane. The solution was washed in sequence with water, 10% citric acid 

25 solution, water, saturated sodium bicarbonate solution and water, then dried over anhydrous sodium 
sulphate, filtered and evaporated to give 2.85 g of 3-(benzyloxycarbonyl)-N-tertbutyl-4(R)-thiazolidinecar- 
boxamide as a solid which melted at 96-98* C after recrystailization from diethyl ether/n-hexane. 

(H) A mixture of 3.2 g of 3-(benzyioxycarbonyl)-N-tert.butyl-4(R)-thiazolidinecarboxamide and 10 ml of 
32% (w/w) hydrogen bromide in glacial acetic acid was stirred at room temperature for 2 hours. The 

30 resulting solution was poured into diethyl ether and the precipitated hydrobromide salt of the product was 
filtered off, washed with diethyl ether and then dissolved in water. The solution was made alkaline by the 
addition of 1M sodium hydroxide solution and extracted twice with dichloromethane. The combined 
dichloromethane extracts were washed with water, dried over anhydrous sodium sulphate, filtered and 
evaporated to give 1.57 g of N-tert.butyl-4(R)-thiazolidinecarboxamide as a crystalline solid of melting point 

35 68-71 *C. 

(iii) A solution of 3.2 g of N-tertbutyI-4(R)-thiazolidinecarboxamide and 5.0 g of 3(S)- 
(benzyloxyformamido)-1,2(S)-epoxy-4-phenylbutane in 130 ml of isopropanoi was stirred under argon and 
heated at 90 *C under reflux for 3 days. The solution was evaporated under reduced pressure and the 
residue was purified by flash chromatography on silica gel using diethyl ethyl/n-hexane (2:1) for the elution. 

40 There were obtained 3.47 g of 3-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-4(R)- 
thiazolldinecarboxamide. Recrystailization from ethyl acetate gave analytically pure material of melting point 
62-65 "C. 

(iv) A mixture of 2 g of 3-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenyibutylhN-tert.butyl-4(R)- 
thiazolidinecarboxamlde and 4.1 ml of 32% (w/w) hydrogen bromide In glacial acetic acid was stirred at 

45 room temperature for 1 hour. The resulting solution was diluted with anhydrous diethyl ether and the 
precipitated product was rapidly filtered off and washed with fresh diethyl ether. There were obtained 2.01 g 
of 3-[3(S)-amino-2(R)-hydroxy-4-phenyibutyl]-N-tert.butyl-4(R)-thiazolidinecait30xami dihydrobromide as a 
white solid; 1 H NMR (300 MHz): 5 (DsO) 1.37 (9H, s). 3.0 (2H, m), 3.09 (2H, dq), 3.29 (2H. d), 3.85 (2H, m), 
4.16 (1H, m), 4.3 (2H, q) and 7.42 (5H, m) ppm. 

so 



Example 73 



In a manner analogous to that described in Example 21, from 110 mg of 3-{3(SH[L-asparaginyl]aminoh 
2(R)-hydroxy-4-phenylbutylhN-tertbutyl-4(R)-thiazolidinecarboxamide, 46 mg of 2-naphthoyl chloride and 31 
mg of diisopropyiethylamine there were obtained, after flash chromatography on silica gel using 2% 
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methanol in dichloromethane for the elution, 83 mg of N-tertbutyl-3-[2(R)-hydroxy-3(SH[N-(2-naphthoyl)-L- 
asparaginyljamirroj^phenylbu^ MS: m/e 620 [M + H] . 

The 3-[3(SH[L-asparaginyl]amino]-2(Rhhy^ 
rboxamide used as the starting material was prepared as follows: 

A mixture of 170 mg of 3-[3(S)-[[f^(benzyloxycarbonyl)-L-asparaginyl]aminoh2(R)-hydroxy-4- 
phenylbutylhN-terLbutyl-4(R)-thiazo!idinecarboxamide and 0.3 ml of 32% (w/w) hydrogen bromide in glacial 
acetic acid was stirred at room temperature for 1 hour. The solution was diluted with diethyl ether and the 
precipitated solid was rapidly filtered off. washed with diethyl ether and dissolved in water. The solution was 
made alkaline by rhe addition of potassium carbonate and extracted with three portions of chloroform. The 
combined chloroform extracts were dried over anhydrous sodium sulphate, filtered and evaporated to give 
110 mg of 3-[3(S)-HL-asparaginyl]amino^^ 
amide; MS: m/e 486 [M + H]*. 



Example 74 



A solution of 330 mg of NH3(SM[N-(benzyloxyrabonylR-asparagin^ 
(R)-hydroxybutylhNMertbutyl-L-prolinamide in 30 ml of ethanol was hydrogenated over 50 mg of 10% 
palladium-on-carbon catalyst for 3 hours. The catalyst was removed by filtration and the filtrate was 
evaporated. The residue was dissolved in dichloromethane and treated with 72 mg of diisopropylethylamine 
and 106 mg of 2-naphthoyl chloride in a manner analogous to that described in Example 21 to give 165 mg 

of NH4-(4-tertbutoxyphenyl)-2(R)^^ 
proiinamide as an off-white solid. 



Example 75 



A solution of 90 mg of NM4-(4-tertbutoxyphenyl)-2(R)-hydroxy-3(SHtN-(2-naphthoyl)-L-asparaginyl]- 
amino]butylhNMertbutyl-L-prolinamide in 40 ml of 3.5M hydrogen chloride in ethyl acetate was stirred at 
room temperature for 30 minutes. The solvent was removed by evaporation and the residue was triturated 
with diethyl ether and filtered to give 80 mg of N2-[2(R)-hydroxy-4-(4-hydroxyphenyl)-3(S)-[[N-(2-naphthoyl)- 
L-asparaginyl]amino]butyl]-N , -tert.butyl-L-prolinamide hydrochloride as a white solid of melting point 171- 
174 # C. 



Example 76 



A solution of 59 mg of 2-t3(S)-amino-2(R)-hydroxy^henylbutyl]-N.tert.butyl-1,2 t 3>tetrahydropyrido- 
[3,4-b]indole-1-carboxamide (isomer A) and 71 mg of N-(benzyloxycarbonyl)-L-asparagine succinimide ester 
in 3 ml of dry tetrahydrofuran was stirred at room temperature for 16 hours and then evaporated. The 
residue was dissolved in of dichloromethane and the solution was washed, twice with water and twice with 
saturated aqueous sodium bicarbonate solution. The solvent was removed by evaporation under reduced 
pressure to give 103 mg of crude product. 32 mg of this product were purified by reverse phase high 
pressure liquid chromatography using 55% 0.05M ammonium formate in acetonitrile for the elution. There 
were obtained 9.9 mg of 2-[3(S)-t[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenyibutyl]- 
N-tert.butyl-l.aS^tetrahydropyridoPAblindole-ltR or SKarboxamide (isomer A) as a colourless oil; MS: 
m/e 683 [M + HI*. 

2^3(S)-ffN^BerKytoxycarbonyO 
tetrahydropyrido[3 t 4-b]indole-Karboxamide (isomer B) was prepared from 2-[3(S)-amino-2(R)-hydroxy-4- 
phenylbutyl-N-tert-butyl-IAaAtetrahydropyridoPAblindole-ltR or S)-carboxamide (isomer B) in a manner 
analogous to isomer A above and was purified in the same manner to give a colourless oil; MS: m/e 683 
[M + H]*. 

The 2^3(S)-amino-2(R)-hydroxy-4-phenylbutyl^ 
boxamides used as the starting materials were prepared as follows: 
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(i) To a solution, cooled in ice, of 3.0 g of lAS.^tetrahydropyridotS^bJindole-l-carboxylic acid in 7 
mi of 2M sodium hydroxide solution, 17 ml of water and 17 mi of dioxan were added in alternating portions 
12.5 ml of 2M sodium hydroxide solution and a solution of 3.6 ml of benzyl chioroformate in 9 mi of dioxan. 
After completion of the additions the mixture was stirred at room temperature overnight and the dioxan was 

5 then removed by evaporation under reduced pressure. The solution obtained was diluted with water, 
washed twice with diethyl ether, acidified with 25 ml of 1 M sulphuric acid and extracted three times with 
ethyl acetate. The organic extracts were combined, washed twice with water, dried over anhydrous 
magnesium sulphate and evaporated to give 4.54 g of 2-benzyloxycarbonyi-1,2,3,4-tetrahydropyrido[3,4-b]- 
indole-1-carboxylic acid, MS: m/e 351 [M + H]\ which was used without purification. 

io (H) A solution of 4.54 g of 2-benzyloxycarbonyM ,2,3,4-tetrahydropyridot3,4-b]indole-1-carboxylic acid 

in 45 ml of anhydrous tetrahydrofuran was cooled, while protecting with a drying tube, in an ice/acetone 
bath. 1.82 ml of N-ethylmorpholino and 1.82 ml of isobutyl chioroformate were added, the mixture was 
stirred for 10 minutes and then 2.1 ml of tertbutylamine were added. The mixture was then stirred at 0* C 
for 40 minutes and at room temperature for 45 minutes, diluted with ethyl acetate and washed twice with 

is water, twice with 0.5M sodium hydroxide solution and again with water. The solution was dried over 
magnesium sulphate and evaporated to dryness. Recrystailization from ethyl acetate and n-hexane gave 
1.21 g of tertbutyl 2-benzyloxyc^onyl-1 i 2,3,4-tetrahydropyrido[3.4-b]indole-1-carboxamide; MS: m/e 406 
[M + HJ*. A further 0.76 g of identical material was obtained by subjecting the mother liquors to chromatog- 
raphy on silica gel using ethyl acetate/n-hexane (1:1) for the elution. 

20 (Hi) 1.62 g of tertbutyl 2-benzyloxycarbonyl-1 ,2,3,4-tetrahydropyrido[3,4-b]indole-1-carboxamide were 

dissolved in 10 ml of a 45% solution of hydrogen bromide in acetic acid. After 30 minutes the solution was 
evaporated and the residue was taken up in water. After filtration the filtrate was washed three times with 
diethyl ether and then neutralized by the addition of saturated aqueous sodium bicarbonate solution. The 
product was extracted from the now turbid aqueous layer with ethyl acetate. The combined organic extracts 

25 were dried over anhydrous magnesium sulphate and evaporated to give 0.84 g of tertbutyl 1,2,3,4- 
tetrahydropyrido[3,4-b]indole-1-carboxamide as a white crystalline solid of melting point 144* C. 

(iv) A solution of 0.60 g of tertbutyl 1^ t 3,4-tetrahydropyrido[3,4-b]indole-1-carboxamide and 0.66 g of 
3(S)-(benzyloxyformamido)-1,2(S)-epoxy-4-phenylbutane in 20 ml of methanol was heated at reflux under 
argon for 16 hours and then evaporated to give a clear oil. The two diastereomeric products were separated 

30 by flash chromatography on silica gel using n-hexane/ethyl acetate (3:1) for the elution. There were 
obtained 268 mg of isomer A of 2-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl- 
1,2,3,4-tetrahydropyrido[3 I 4-b]indole-l-carboxamide, MS: m/e 569 [M + H]*, and 65 mg of isomer B of the 
same compound; MS: m/e 569 [M + H]\ 

(v) A solution of 150 mg of 2-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl- 
35 1^.3,4-tetrahydropyrido[3,4-b]indole-1-carboxamide (isomer A) in 5 ml of ethanol was hydrogenated under a 

pressure of 3.4 atmospheres over 10% paliadium-on-charcoaJ at 20* C for 16 hours. The catalyst was 
removed by filtration and the filtrate was evaporated to give 120 mg of 2-[3(S)-amino-2<R)-hydroxy-4- 
phenylbutylhN-tert.butyM,2,3,4-t^^ (isomer A); MS: m/e 435 

[M + H]\ 

40 

2^3(S)-Amino-2(R)-hydroxy-4-phenylbuty^^ 
carboxamide (isomer B), MS: m/e 435 [M + H]*, was prepared in an analogous manner from 2-[3(S)- 
(benzyloxyfoi™amido)-2(R)-hydroxy^ 
carboxamide (isomer B). 



Example 77 



so In a manner analogous to that described in Example 70, from 154 mg of N-tertbutyM-[2(R)-hydroxy-3- 
(S}-ffN-(2-quinolylcarbonylK-asparagi^ and 51 mg of 3- 

chloroper benzoic acid there were obtained 114 mg of N-tertbutyl-1-[2(R)-hydroxy-4-phenyl-3(S)-[[N-(2- 
quinoiylcarbonyl)-L-asparaginyl]amino]butyl]-2-piperidinecarboxamide 1 -oxide as a white solid; MS: m/e 633 
[M + H]\ 



Example 78 
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In a manner analogous to that described in Example 27, from 230 mg of 1-[3(SH[L-asparaginyl]aminol- 
2(RHiydroxy^phenyibuty«]-N-tertbutyl-2(S)-pjperidinecarboxamide, 139 mg of 3-benzyloxy-2-naphthoic 
acid. 113 mg of dicyclohexylcarbodiimide, 68 mg of hydroxybenzotriazole and 58 mg of N-ethylmorpho!ine 
there were obtained, after chromatography on silica gel using System G for the eiution, 242 mg of 1-[3(S)-[- 

[N^3-benzyloxy-2-naphthoylK-asparag^^ 
piperidinecarboxamide as a foam; MS: m/e 722 [M + H]\ 



Example 79 



A solution of 181 mg of 1-{3(SH[N-(3-benzyloxy-2-naphthoyl)-L-asparaginyl]amino]-2(R)-hydroxy-4- 
phenylbutylhN-tert.butyl-2(S)-piperidinecarboxamide in 5 ml of ethanol was hydrogenated over 10% 
palladium-on-carbon at 20 *C and under atmospheric pressure for 16 hours. The catalyst was removed by 
filtration and the filtrate was evaporated. After trituration with diethyl ether there were obtained 110 mg of N- 
tert.butyl-1-[3(SH[N-(3-hydroxy-2-napM 

piperidinecarboxamide as a pale yellow solid; MS: m/e 632 [M + H]\ 



Example 80 



In a manner analogous to that described in Example 27, from 400 mg of cis-1-[3(S)-amino-2(R)- 
hydroxy-4-phenyl butyl]-N-tertbutyI-decahydro-2(R or SJ-quinolinecacboxamide, 266 mg of N- 
(benzyloxycarbonyl)-L-asparagine. 226 mg of dicyclohexylcarbodiimide, 135 mg of hydroxybenzotriazole 
and 115 mg of N-ethylmorpholine there were obtained, after chromatography on silica gel using 
dichloromethane/methanol (94:6) for the eiution, 225 mg of cis-1-[3(S)-[[N-(benzyloxycarbonyl)-L- 
asparaginyl]amino]-2(R)-hydroxy-4-phenylbutylhN-tert.butyl-decahydro-2(R or Shquinolinecarboxamide as a 

white solid; MS: m/e 650 [M + H]\ 

The cis-1-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-tertbutyl-decahydro-2(R or S)-quinolinecarbox- 

amide used as the starting material was prepared as follows: 

(i) A solution of 2.376 g of 3(SHbenzyloxyformamido)-1,2(Shepoxy-4-phenylbutane and 1.904 g of 
cis-N-tert.butyl-decahydro-2(R,S)-quinolinecarboxamide in 32 ml of ethanol was stirred at 80 *C for 24 
hours. A further 0.474 g of 3(SHbenzyloxyformamido)-1,2(S)-epoxy-4-phenylbutane was added in two 
portions and the mixture was stirred at 80* C for a further 5 hours. The solvent was removed by evaporation 
and the residue was chromatographed on silica gel using dichloromethane/methanol (97.5:2.5) for the 
eiution to give 1.17 g of cis-1-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl- 
decahydro-2(R or S)-quinolinecarboxamide (isomer A) as a white solid from diethyl ether/n-hexane, MS: m/e 
536 [M + H]\ and 1.146 g of ds-1-{3(S)-benzyioxyformamido)-2(R)-hydro^ 

decahydro-2(R or S)-quinolinecarboxamide (isomer B) as a pale yellow gum; MS: m/e 536 [M + H]\ 

(ii) A solution of 0.535 g of cis-1-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl>N-tert.butyl- 
decahydro-2(R or S)-quinolinecarboxamide (isomer B) in 25 ml of ethanol was hydrogenated over 10% 
pailadium-on-carbon at 20* C and under atmospheric pressure for 16 hours. The catalyst was removed by 
filtration and the filtrate was evaporated to give 400 mg of cis-1-[3(S>-amino-2(R)-hydroxy-4-phenylbutylhN- 
tertbutyl-decahydro-2(R or S)-quinolinecarboxamide as a colourless gum. 



Example 81 



A solution of 561 mg of trans-2-{3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-tertbutyl-decahydro- 
(4aR,8aSHsoquinollne-3(S)-carboxamide and 372 mg of N-(benzyloxycarbonyl)-L-asparagine in 20 ml of dry 
tetrahydrofuran was cooled in an ice/salt mixture. 189 mg of hydroxybenzotriazole, 161 mg of N- 
ethylmorpholine and 317 mg of dicyclohexylcarbodiimide were added and the mixture was stirred for 16 
hours. The mixture was then diluted with ethyl acetate and filtered. The filtrate was washed with aqueous 
sodium bicarbonate solution and sodium chloride solution. The solvent was removed by evaporation and the 
residue was chromatographed on silica gel using dichloromethane/methanol (9:1) for the eiution to give 434 
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mg of frans-2-[3(SH[N-(benzyloxyca^ 

tertbutyi.decahydro^4aR t 8aSHsoquinolin6-3(S)-cartx)xamide as a white solid from methanol/diethyl ether 
MS:m/e650[M + H] . 

The frans-2-[3(S)-amino«2(R)-hydro^ 
carboxamide used as the starting materia) was prepared as follows: 

(i) A solution of 440 mg of tiws-N-tertbutykiecahydroK4^ and 
549 mg of atSHbenzyloxyformamidoJ-l^fSHpoxy^phenylbutane In 6 ml of ethanol was stirred at 60* C 
for 7 hours. A further 54 mg of SfSXbenzyloxyformamidoH^tSJ-epoxy-^phenylbutane were added and 
the solution was stirred at 20* C for 16 hours. The solvent was removed by evaporation and the residue was 
chromatographed on silica gel using system H for the elution to give 771 mg of trans-2-[3(S)- 
(benzyloxyformamido)-2(R)-hydroxy-4«pheny^ 
carboxamide as a white solid; MS: m/e 536 {M + H]\ 

00 A solution of 747 mg of trans-2-[3(Sy-(benzyloxyformamldo)-2(R)-hydroxy-4-phenylbutyl-N- 
tert.butyWecahydro-(4aR,8aS)-isoquinollne-3(S)-carboxamlde in 40 ml of ethanol was hydrogenated over 
10% palladium-on-carbon at 20* C and under atmospheric pressure for 5 hours. The catalyst was removed 
by filtration and the filtrate was evaporated to give 561 mg of trans-2-{3(S)-amino 2(R)-hydroxy-4- 
phenylbutyl]-N-tert.butyl-decahydro (4aR t 8aS)-isoquinoline-3(S)-carboxamide as a buff coloured solid. 



Example 82 



In a manner analogous to that described in Example 27, from 276 mg of 1-[3(S)-{[l-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl] N-tert.butyl-2(S)-piperidlnecarboxamlde, 167 mg of 1-benzyloxy-2-naphthoic 
acid, 81 mg of hydroxybenzotriazole, 69 mg of N-ethylmorphoiine and 136 mg of dlcyclohexylcarbodiimide 
there were obtained, after chromatography on silica gel using dlchloromethane/methanol (9:1) for the 
elution, 97 mg of H3(SH[N-(1-benzyloxy-2-naphthoylH-^ 

tertbutyl-2(S)-piperidinecarboxamide as a white solid from methanol/diethyl ether; MS: m/e 722 [M + H]\ 



Example 83 



In a manner analogous to that described in Example 79, from 119 mg of 1-[3(SH[N-(1-benzyloxy-2- 

naphthoy!K-asparaginyl]amino]-2(R>^yd there 
were obtained, after chromatography on activated magnesium silicate using dichloromethane/methanol (9:1) 
for the elution, 67 mg of N-tert.butyi-1-[2(R)-hydroxy-3(SHtN-(1-hydroxy-2-naphthoyl)-L-asparaginyl]aminoh 
4-phenylbutylh2(S)-piperidinecarboxamide as a white solid; MS: m/e 631 [M + H]*. 



Example 84 



In a manner analogous to that described in Example 27, from 276 mg of 1-[3(S)-[[L-asparaginyl]amino> 
2(RHiydroxy^phenylbutylhN-tertbutyl-2(S)-pipeiidine(^utoxamide, 183 mg of 3-(benzyloxycarbonyl)-2- 
naphthoic acid, 81 mg of hydroxybenzotriazole, 138 mg of N-ethylmorphoiine and 136 mg of dlcyclohexyl- 
carbodiimide there were obtained, after chromatography on silica gel using System J for the elution, 98 mg 
of N-tertbutyl 1 -[3(SH1 (SM2,3-dihydro-1 ,3-dioxo-1 H-benz[fpsoindol-2-yl)-3-carbamoylpropionamidol-2(R)- 
hydroxy-4-phenylbutyll-2(S)-piperidinecarboxamide; MS: m/e 642 [M + H]\ 



Example 85 



A solution of 650 mg of N 2 -[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N 1 -tertbutyl-L-prolinamide and 538 
mg of N-benzyloxycarbonyl)-S-methyl-L-cysteine in 20 ml of dry tetrahydrofuran was cooled in an ice/salt 
mixture. 270 mg of hydroxybenzotriazole, 230 mg of N-ethylmorpholine and 412 mg of dicyclohexylcar- 
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bodiimide were added and the mixture was stirred for 16 hours. The mixture was diluted with ethyl acetate 
and filtered. The filtrate was washed with aqueous sodium bicarbonate solution and sodium chloride 
solution. The solvent was removed by evaporation and the residue was chromatographed on silica gel using 
System G for the elution to give 800 mg of NM3(SMN-(benzyloxycarbonyO-S-^^ 
(R)-hydroxy-4-phenylbutylhN 1 -tert.butyl-L-prolinamide; MS: m/e 585 [M + H]*. 

The N 2 -{3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N 1 -tertbutyl-L-prolinamide used as the starting material 
was prepared in an analogous manner to the starting material of Example 33, but using N 1 -tert.butyl-L- 
proiinamide in paragraph (iii) in place of N 1 -phenyi-L-prolinamide. 



Example 86 



A solution of 193 mg of rH3(SH[N-(benzyloxycarbonyl>-S-mett 
phenyibutyl>N 1 -tert.butyl-L-prolinamide in 2 ml of methanol was cooled to -70* C. A solution of 62 mg of 3- 
chloroperbenzoic acid in 5 ml of methanol was added and the mixture was stirred at -70 # C for 30 minutes. 
The solvent was then removed by evaporation and the residue was chromatographed on silica gel using 
System G for the elution to give 62 mg of NMSCSHtN^benzyloxycarbonyO-S^methylsulphinylJ-L-alanylh 
amino]-2(R)-hydroxy-4-phenylbutyl]-N 1 -tertbutyl-L-prolinamide as a 1:1 mixture of diastereomers: MS: m/e 
601 [M + H]*. 



Example 87 



A solution of 450 mg of NM3(S)-[[N-(benzyloxycart^ 
phenylbutyl]-N 1 -tert.butyl-L-prolinamide in 4 ml of methanol was cooled to -70* C. 166 mg of 3-chloroper- 
benzoic acid were added portionwise over a period of 10 minutes, the solution was stirred at -70 C for 15 
minutes and then allowed to warm to 20* C. The solution was again cooled to -70* C, a further 33 mg of 3- 
chloroperbenzoic acid were added and the mixture was stirred at -70 ' C for 30 minutes. The solvent was 
removed by evaporation and the residue was partitioned between dichloromethane and 2N sodium 
hydroxide solution. The organic phase was evaporated and the residue was chromatographed on silica gel 
using System G for the elution to give 100 mg of N 2 -[3(S)-t[N-(benzyloxycarbonyl)-3-(methylsuiphinyl)-L- 
alanyl]aminoh2(R)-hydroxy-4-phenylbutyl>N , -tertbutyl-L-prolinamide l^-oxide (diastereomer A), MS: m/e 
617 [M + H]\ and 154 mg of NH3(S)-[[N-(benzyloxycarbonyl)-3-(methylsulphinyl)-L-alanyl]amino]-2(R)- 
hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide N^xide (diastereomer B); MS: m/e 617 [M + H] . 



Example 88 



A solution of 154 mg of N^tSiSJ-HN-tbenzyloxycarbonylJ-S-imethylsulphinylJ-L-alanyllaminol^tR)- 
hydroxy-4-phenylbutylhN , -tert.butyl-L-prolinamide f^-oxide (two diastereomers) in 5 ml of methanol was 
treated with 84 mg of 3-chloroperbenzoic acid and the solution was stirred at 20' C for 16 hours. The 
soivent was removed by evaporation and the residue was partitioned between dichloromethane and 2M 
sodium hydroxide solution. The organic phase was evaporated and the residue was crystallized from ethyl 
acetate/n-hexane to give 28 mg of r^[3(S)-[[N-(benzyloxy(^onyl)-3-(methylsulphonyl)-L-alanyl]amino]-2- 
(R)-hydroxy-4-phenylbutyl]-N 1 -tertbutyl-L-prolinamide N^xide monohydrate; MS: m/e 633 (M + H]\ 



Example 89 



In a manner analogous to that described in Example 27, from 400 mg of cis-1-[3(S)-amino-2(R)- 
hydroxy-4-phenylbutylhN-tert.butyl-decahydro-2(R or S)-quinolinecarboxamide, 266 mg of N- 
(benzyloxycarbonylK-asparagine, 226 mg of dicyclohexylcarbodiimide, 135 mg of hydroxybenzotriazole 
and 115 mg of N-ethyimorphofine there were obtained, after chromatography on silica gel using 
dichloromethane/methanol (94:6) for the elution, 225 mg of cis-1-{3(SH[N-(benzyloxycarbonyl)-L- 
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asparaginyi]aminoh2(R)-hydroxy^ or S)-quino!inecarboxamide as a 

white solid; MS: m/e 650 [M + H]\ 

The cis^-[3(S}-aminc^2{R)^ydroxy^ or S)-quinolinecarbox- 

amide used as the starting material was prepared as follows: 

(i) A solution of 2.376 g of 3(SHben2yloxyformamido)-1^(S)-epoxy-4-phenylbutane and 1.904 g of 
cis-N-tertbutyWecahydro-2(R,SHjuinolinecarboxamide in 32 ml of ethanol was stirred at 80* C for 24 
hours. A further 0.474 g of 3(S)Kbenzyloxyformamido)-1^(S)-epoxy-4-phenylbutane was added in two 
portions and the mixture was stirred at 80* C for a further 5 hours. The solvent was removed by evaporation 
and the residue was chromatographed on silica gel using dichloromethane/methanol (97.5:2.5) for the 
elution to give 1.17 g of cis-H3(SHbenzyloxyformamido)-2(R)-hydroxy^phenylbutyl>N-tertbutyl- 
decahydro-2(R or S)-quinolinecarboxamide (isomer A) as a white solid from diethyl ether/n-hexane, MS: m/e 
536 [M + Hf, and 1.146 g of cis-1-[3(SMbenzyloxyfonnamido)-2(R^ 

decahydro-2(R or S)-quinoIinecarboxamide (isomer B) as a pale yellow gum; MS: m/e 536 [M + H] . 

(ii) A solution of 0.535 g of cis-H3(SHbenzyioxyformamido)-2(R)-hydroxy-4-phenylbutyi]-N-tert.butyl- 
decahydro-2(R or S)-quinolinecarboxamide (isomer B) in 25 ml of ethanol was hydrogenated over 10% 
palladium-on-carbon at 20 *C and under atmospheric pressure for 16 hours. The catalyst was removed by 
filtration and the filtrate was evaporated to give 400 mg of cis-1-[3(S)-amino-2(R)-hydroxy-4-phenylbutyihN- 
tert.butyl-decahydro-2(R or S)-quinolinecarboxamide as a colourless gum. 



Example 90 



In a manner analogous to that described in Example 27, from 27 mg of N-[3(S)-[[L«asparaginyl]aminoh 
2(R)-hydroxy-4-phenylbutyl]-L-proline tertbutyl ester and 11.3 mg of 2-indolecarboxylic acid there were 
obtained 15 mg of N-[3(S)-[[N-(2Hndolylcarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-L-^ 
line tertbutyl ester; MS: m/e 592 [M + Hf. 



Example 91 



In a manner analogous to that described In Example 72, from 240 mg of 3-[3(S)-amino-2(R)-hydroxy-4- 
phenylbutyl]-N-tert.butyl-tetrahydro-2H-1 t 3-thia2ine-4(R and S)-carboxamide and 234 mg of N- 
(benzyloxycarbonyl)-L-asparagine succinimide ester there were obtained 162 mg of 3-{3(SH[N- 
(benzyloxycarbonyl)-t-asparaginyl]aminoh2(R)-hydro^ 

thiazine-4(R and S)-carboxamide as a mixture of two diastereomers. Flash chromatography on silica gel 
using 3% methanol in dichloromethane for the elution gave 20 mg of the less polar diastereomer (isomer 
A), MS: m/e 614 [M + H]\ and using 5% methanol in dichloromethane gave 32 mg of the more polar 
diastereomer (isomer B); MS: m/e 614 [M + H]\ 

The 3-[3(S)-amino-2(RHiydroxy-4^henyibutyl]-N-tert.butyl-tetrahydro-2H-1 l 3-m and S)-car- 

boxamide used as the starting material was prepared from the known tetrahydro-2H-1.3-thiazine-4(R and Sy 
carboxylic acid by N-benzyloxycarbonylation in a known manner, subsequent reaction in a manner 
analogous to that described in Example 72 (i)-(iv) and basification of the dihydrobromide obtained with 
sodium bicarbonate solution. 



Example 92 



0.122 g of N-(benzyloxycarbonyl)-3-cyano-L-aianine was dissolved in 2 ml of dry dimethyformamide. 
The solution was stirred and cooled in an ice/salt bath and treated with 0.066 g of hydroxy benzotriazole and 
0.1 g of dicyclohexylcarbodiimide. The mixture was stirred for 5 minutes and then treated with 0.163 g of 
lvH3(S)-amino-2(R)-hydroxy^phenylbutylhN 1 -tertbutyl-L-prolinamide in 2.5 ml of dry dichloromethane. 
The mixture was allowed to warm to room temperature and was then stirred overnight The resulting 
dicyclohexylurea was filtered off and washed with methylene chloride. The combined filtrate and washings 
were evaporated at 40* C in a vacuum to give an oil which was partitioned between ethyl acetate and water. 
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The organic phase was washed in sequence with saturated aqueous sodium bicarbonate solution and 
saturated sodium chloride solution and then dried over sodium sulphate. The solvent was removed by 
evaporation to give an oil which was chromatographed on silica gel using 14% methanol in dichloromethane 
for the elution. There were thus obtained 50 mg of product which was recrystallized from diethyl ether/n- 
5 hexane to give 0.045 g of N2^3(S)-t[N-(ben2yloxycarbonyl)-3<yano-L-alanyl]^inoh2(R)-hydroxy^ 
phenylbutyl>NMertbutyl-L-proIinamide hemihydrate as a solid of melting point 65-70* C (softening). 

The ^3(S)-amino-2(R)-hydroxy-4-phenylb^ used as the starting material 

was prepared as follows: 

0) A solution of 0.425 g of 3(S)-(benzyloxyformamido)-1 ,2(S)-epoxy-4-phenylbutane and 0.244 g of L- 
10 proline tertbutylamide in 10 ml of dry isopropanol was heated at 80 *C for 20 hours. The solvent was 
removed by evaporation in a vacuum and the residue was chromatographed on silica gel using 5% 
methanol in dichloromethane for the elution. There was obtained 0.44 g of NF-[3(SHbenzyloxyformamido)-2- 
(R)-hydroxy-4-phenylbutylhNMeit.butyl-L-prolinamide as a white foam. 

(ii) A solution of 0.46 g of N^[3(SHbenzyloxyfoirnamido)-2(R)-hydroxy-4-phenylbutylhN 1 -tert.buty 
75 prolinamide in 40 ml of ethanol was hydrogenated over 40 mg of 10% palladium-on-carbon at room 
temperature and under atmospheric pressure for 1 .5 hours to give 0.33 g of NMStSJ-amino^RHiydroxy^ 
phenylbutyl>NMertbutyl-L-prolinamide as a gum which crystallized on standing. 



20 

Example 93 



0.167 g of N^PCSJ-amino^tRJ-hydroxy^phenylbutyll-N'-tert.butyl-L-prolinamide was dissolved in 10 
25 ml of dry dimethylformamlde and the solution was stirred at 0*C while 0.191 g of the N- 
(benzyloxycarbonyl)-L-phenylglycine succinimide ester was added as a solid. The solution obtained was 
stirred at 0* C for 1 hour and then stored at 4* C overnight. The solution was then evaporated in a vacuum 
and the residue was partitioned between ethyl acetate and water. The organic phase was washed with 
saturated aqueous sodium bicarbonate solution and then with saturated sodium chloride solution. The 
30 aqueous phases were back-extracted with ethyl acetate. The combined organic phases were dried over 
sodium sulphate and evaporated to give a gum which was chromatographed on silica gel using 
acetone/dichloromethane (1:1) for the elution. The combined product-containing fractions were evaporated 
to give a gum which was re-evaporated with diethyl ether to give 0.127 g of a solid. This solid was extracted 
with dichloromethane and the combined organic phases were evaporated to give a solid which was 
35 triturated with diethyl ether. There was thus obtained 0.05 g of N2-[3(S)-[[N-(benzyloxycarbonyl)-L- 
phenylglycyl]aminoh2(R)-hydroxy-4-phenylbutyl>N 1 -tert.butyl-L-prolinamide as a solid of melting point 101- 
103* C. 



40 Example 94 



In a manner analogous to that described in Example 92, from 0.15 g of N-(benzyloxycarbonyl)-L- 
phenylalanine. 0.066 g of hydroxybenzotriazole. 0.1 g of dicyclohexylcarbodiimide and 0.166 g of NH3(S)- 
45 amino-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide there was obtained 0.1 g of NH3(SHN- 

(benzyloxycailDonylK-phenylalanyl]am^ 315 a 

white solid of melting point 78-80* C. 



so Example 95 



In a manner analogous to that described in Example 92, from 0.152 g of N-(benzyioxycarbonyl)-3- 
cyclohexyl-L-alanine, 0.066 g of hydroxybenzotriazole, 0.1 g of dicyclohexylcarbodiimide and 0.166 g of N 2 - 
55 [3(S)-amino-2(R)-hydroxy^ there was obtained 0.1 g of NH3(SH- 

[N-(benzytoxycarbonyl>3-<^c!ohe 
of melting point 71-75* C. 
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Example 96 



In a manner analogous to that described in Example 92, from 0.1 g of N-(benzyloxycarbonyl) L- 
5 asparagine, 0.05 g of hydroxybenzotriazole, 0.078 g of dicyclohexylcarbodilmide and 0.17 g of 1-[3(S)- 
amino-2(R)-hydroxy-4-phenyibutylH-(tertbu^^ and S)- plperazinecarboxamide 

there was obtained, after trituration with diethyl ether, 0.11 g of a white solid. This solid was purified by 
flash chromatography on silica gel using 10% methanol in dichloromethane for the elution. The first product 
eiuted (Isomer A) was 0.043 g of H3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4- 
10 phenylbutyl]-4-(tert.butoxycarbonyl)-N-tert.butyl-2(R or S)-piperazinecarboxamide; MS: m/e 697 [M + H]\ 
The second product eiuted (isomer B) was 0.007 g of H3(S)-ttN-(benzyloxycarbonyl)-L-asparaginyl]amino]- 
2(R)^ydroxy^henylbutyl]^(teitbutoxycarbonyl)-^tert.butyl-2(R or S)-piperazinecarboxamide; MS: m/e 
697 [M + H] . 

The 1 H3(S)-aminch2(R)^ydroxy-4i}henylbutyl^ or S)- 

75 plperazinecarboxamide used as the starting material was prepared as follows: 

(i) 0.65 g of 2-piperazinecarboxylic acid was dissolved in a mixture of 5 ml of water and 5 ml of 
dioxane, treated with 0.42 g of sodium bicarbonate and stirred for 5 minutes. 1'09 g of di(tertbutyl) 
dicarbonate were added and the mixture was stirred overnight The mixture was concentrated by evapora- 
tion and the residue was extracted exhaustively with ethyl acetate. This procedure was repeated at pH 6 

20 and pH 4. The aqueous layer, pH 4, was then extracted with n-butanol. The combined organic extracts were 
dried over anhydrous sodium sulphate and evaporated to give 0.34 g of 4-(tert.butoxycarbonyl)-2- 
piperazinecarboxylic acid as a cream coloured solid of melting point 226-229* C. 

(ii) 0.1 g of 4-(tertbutoxycarbonyl)-piperazine-2-carboxylic acid was dissolved in 10 ml of 1N sodium 
hydroxide solution, cooled to 0* C and treated with 0.2 g of benzyl chloroformate. The mixture was allowed 

26 to warm to room temperature and was then stirred overnight. The mixture was extracted with diethyl ether. 
The aqueous phase was then acidified to pH 4 with 2M hydrochloric acid and extracted with ethyl acetate to 
give 0.06 g of 1-(benzyloxycarbonyl)-4-(tertbutoxycarbonyl)-2-piperazinecarboxylic acid as a white solid; 
MS:m/e365[M + Hf. 

(iii) 0.285 g of 1-(benzyloxycarbonyl)-4-(tert.butoxycarbonyl)-2-piperazinecarboxylic acid was dis- 
30 solved in 10 ml of dry tetrahydrofuran and cooled to -15* C while stirring. There was then added 0.09 g of 

N-ethylmorphoIine followed immediately by 0.107 g of isobutyl chloroformate. The mixture was stirred for 5 
minutes and then 0.2 g of tertbutylamine was added dropwise. Stirring was continued overnight, during 
which time the mixture was allowed to reach room temperature. The solvent was removed by evaporation 
and there was obtained a buff coloured oil which was partitioned between ethyl acetate and water. The 
35 organic phase was washed in sequence with 10% citric acid solution, sodium bicarbonate solution and 
saturated sodium chloride solution and dried over anhydrous sodium sulphate. The solvent was removed by 
evaporation to give 0.185 g of 1-(benzyloxycarboriyJ)-4-(tert.buto 
amide as a light brown oil: MS: m/e 420 [M + H]*. 

(iv) 1.1 g of 1-(benzyloxycarbonyl)-4-(tert.butoxycarbonyl^ were 
40 dissolved in 40 ml of ethanol. 0.1 g of 10% palladium-on-carbon was added and the mixture was 

hydrogenated at room temperature and under atmospheric pressure for 2 hours. The catalyst was filtered 
off. The filtrate was evaporated to give 0.74 g of crude product which was purified by flash chromatography 
on silica gel using 5% methanol in dichloromethane for the elution. After evaporation of the solvents there 
was obtained 0.44 g of 4-(tertbutoxycarbony!)-N-tertbutyl-2-piperazinecarboxamide as an oil; MS: m/e 286 
45 [M + H]*. 

(v) 0.395 g of 4-(tertbutoxycarbonyl)-N-tert.butyl-2-piperazinecarboxamide was dissolved in 50 ml of 
dry isopropanol and treated with 0.413 g of 3(S)-(benzyloxyformamido)-1 t 2(S)-epoxy-4-phenylbutane. The 
mixture was stirred at room temperature for 72 hours. The solvent was removed by evaporation to give a 
brown semi-solid material which was purified by flash chromatography on silica gei using 5% methanol in 

so dichloromethane for the elution. There was obtained 0.234 g of 1-[3(SHbenzyloxyformamido)-2(R)-hydroxy- 
4-phenylbutyl]-4-(tert.butoxycarbonyl)-N-tert.butyl-2(R or S)-piperazinecarboxamide as a mixture of dia- 
stereomers. 

(vi) 0.234 g of 1-[3(SHbenzyloxyfonnam!do)-2(R-h^ 

tertbutyl-2(R and S)-piperazinecarboxamide was dissolved in 20 ml of ethanol and treated with 100 mg of 
55 10% palladium-on-carbon. The mixture was hydrogenated at room temperature and under atmospheric 
pressure for 2.5 hours. The catalyst was filtered off and the filtrate was evaporated to give 0.17 g of 1-[3(S) 
amino-2(R)-hydroxy-4-phenylbutyl]-4-(tertbutoxy<^rbonyl)-N-tert.butyl-2(^ and S)-piperazinecarboxamide 
which was used without further purification. 
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Example 97 

0.035 g of 1 -[3(SM[N-benzy loxycarbony l)-L-asparaginyl]amino]-2(R)-hydroxy-4-pheny lbutylJ-4- 
(tert.butoxycarbonyl)-N-tertbutyl-2(R or S)-piperazinecarboxamide (isomer A) was dissolved in 5 ml of ethyl 
acetate and treated with 5 drops of a saturated solution of hydrogen chloride in ethyl acetate. The mixture 
was left to stand at room temperature for 1 hour and then worked-up to give, after recrystallization from 
ethanol/ diethyl ether, 0.024 g of 1-[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginylJaminoh2(R)-hydroxy-4- 
phenylbutyl]-N-tert.butyl-2-(R or S)-piperazinecarboxamide hydrochloride (isomer A) of melting point 175- 
180 # C. 



Example 98 



0.01 g of 1 -[3(S)-HN-(benzyloxycartx>nyH^ 
(tertbutoxycarbonyl)-N-tert.butyl-2(R or S)-piperazinecarboxamide (isomer B) was treated with hydrogen 
chloride in ethyl acetate as described in Example 97 to give 0.007 g of 1-[3(S)-{[N-(benzy loxycarbony l)-L- 
asparaginyllaminoh2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2(R or S)-piperazinecarboxamide hydrochloride 
as a very hygroscopic solid; MS: m/e 597 [M + H]\ 



Example 99 



In a manner analogous to that described in Example 92, from 0.091 g of N-(benzyloxycarbonyl)-3-cyano 
L-alanine, 0.05 g of hydroxybenzotriazole, 0.076 g of dicyclohexylcarbodiimide and 0.164 g of 1-[3(S)- 
amino-2(R)-hydroxy-4-phenylbutyl]^ there 
was obtained 0.075 g of a 60:40 mixture of diastereomers of H3(SH[N-(benzyloxycarbonyl)-3-cyano-L-, 
alanyl]amino]-2(R)-hydroxy-4-phenylbuty^ as a 

buff coloured solid of melting point 80-85* C. 



Example 100 



In a manner analogous to that described in Example 92, from 0.108 g of 3-cyano-N-(2-naphthoyl)-L- 
alanine. 0.054 g of hydroxybenzotriazole, 0.083 g of dicyclohexylcarbodiimide and 0.18 g of 1-[3(S)-amino- 
2(R)-hydroxy-4-phenyl butyl]-4-(tert.butoxycarbonyl)-N-tert.butyl-2(R,S)-piperazinecarboxamide there was 
obtained 0.015 g of a 1:1:1:1 mixture of isomers of 4-(tertbutoxycart3onyl)-N-tert.butyM 
(2-naphthoylH-alanyl]amino]-2(R)-hydro^ as a solid; MS: 

m/e 699 [M + H]\ 

The 3-cyano-N-(2-naphthoyl)-L-aIanine used as the starting material was prepared as follows: 
0.114 g of 3-cyano-L-alanine was dissolved in 5 ml of 1N sodium hydroxide solution and treated with 0.285 
g of 2-naphthoyl chloride at 0* C. After acidification with 2M hydrochloric acid and flash chromatography on 
silica gel using 25% methanol in dichloromethane for the elution there was obtained 0.049 g of 3-cyano-N- 
(2-naphthoyl)-L-alanine of melting point 95-100* C. 



Example 101 



In a manner analogous to that described in Example 92, from 0.048 g of H3(SHlL-asparaginyl]amino]- 
2(R>-hydroxy-4^henylbutyiH^tertbirtoxyc^ and S)-piperazinecarboxamide, 0.015 g 

of quinaldic acid, 0.012 g of hydroxybenzotriazole and 0.018 g of dicyclohexylcarbodiimide there were 
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obtained, after extensive flash chromatography on silica gel using 10% methanol in dichloromethane for the 
elution. 0.004 g of a pure single isomer A, 4-(tertbutoxycarbonyl)-N-tert.b 

[[^2K?uinolyl(»rtDonylH-^P^9inyl]aminoIbutyl]-2(R or S)-piperazinecarboxamide, MS: m/e 718 [M + H] , 
and 0.003 g of a single isomer B, 4^tert.butoxycarbonyl)-N-tert.butyl-1-t2(R)-hydroxy^phenyl-3(S)-[tN-(2- 
quinolylcarbonyl)-L-asparaginyl]amino]butylh2(R or S)-piperazinecarboxamide; MS: m/e 718 [M + H]*. 

The 1 ^3(S)^L-asparaginyl]amino]-2(R)-hydroxy^pheny -2(R 
and S)-piperazinecarboxamide used as the starting material was prepared as follows: 
0.06 g of 1 -[3(S)-[[N-(benzyloxycartx>nyl)-L-asparaginyl]^ 

(teitbutoxycarbonyl)-N-tenlbutyl-2(R 1 S)^iperazinecaitoxamide (i.e. the product of Example 96 prior to the 
separation of isomers A and B) was dissolved in 20 ml of ethanoi. 0.03 g of palladium-on-carbon was added 
and the mixture was hydrogenated at room temperature and under atmospheric pressure for 2 hours. The 
catalyst was filtered off and the filtrate was evaporated to give 0.046 g of H3(S)-[[L-asparaginyi]amino]-2- 
(R)-hydroxy-4^henylbutyl]-4-(tert.butoxy<^^ which was used 

without further purification. 



Example 102 



In a manner analogous to that described in Example 92, from 0.151 g of N-(benzyloxycarbonyl)-3- 
cyano-L-alanine, 0.082 g of hydroxybenzotriazole, 0.126 g of dicyclohexylcarbodiimide and 0.212 g of 1-[3- 
(S)-amino-2(R)-hydroxy^phenylbutyl]-N-tert.^ there was obtained, after re- 

crystallization from diethyl ether/n-hexane, 0.085 g of 1-[3(SH[N-(benzyloxycarbonyl)-3-cyano-L-alanyl]- 
aminoh2(R)-hydroxy 4-phenylbutyl>N-tert.butyl-2(S)-piperidinecarboxamide as a white solid of melting point 
74-77' C. 



Example 103 



In a manner analogous to that described in Example 92, from 0.372 g of N-(benzyloxycarbonyl)-L- 
aspartic acid, 0.189 g of hydroxybenzotriazole, 0.288 g of dicyclohexyl carbodiimide and 0.54 g of ^[3(8)- 
amino-2(R)-hydroxy-4-(2-naphthyl)butylhN 1 -tertbutyl-L-prolinamide there was obtained, after recrystalliza- 
tion from isopropanol/n-hexane (1:4), 0.105 g of NM3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)- 
hydroxy^a-naphthyObutylJ-N^tertbutyl-L-prolinamide of melting point 149-151 " C. 

The N 2 -[3(S)-amino-2(R)-hydroxy-4-(2-naphthyl)butyl>N 1 -tert.butyl-L-prolinamide used as the starting 
material was prepared as follows: 

(i) 5 g of 3-(2-naphthyl)-L-alanine and 0.93 g of sodium hydroxide in 12 ml of water were cooled to 
0*C and stirred while a solution of 1.4 g of sodium hydroxide in 9 ml of water and 5 ml of benzyl 
chloroformate were added simultaneously during 10 minutes. Stirring was continued for 2 hours and the 
mixture was allowed to come to room temperature. The mixture was diluted with water and then extracted 
with diethyl ether. The aqueous layer was acidified with 4 ml of concentrated hydrochloric acid and 
extracted with ethyl acetate. The ethyl acetate extracts were back-washed with water. The combined ethyl 
acetate extracts were dried over sodium sulphate, filtered, evaporated and triturated with petroleum ether 
(boiling point 40-60° C) to give 7.5 g of N-(benzyloxycarbonyl)-3-(2-naphthyl)-L-alanine of melting point 109- 
1 1 1 ° C. 

(ii) A solution of 7.5 g of N-(benzyloxycarbonyi)-3-(2-naphthyl)-L-alanine in 20 ml of dry 
tetrahydrofuran was stirred at -8 # C and treated with 3.5 ml of N-ethylmorpholine followed by 4 ml of 
isobutyl chloroformate, added dropwise over a period of 10 minutes. The mixture was stirred at -8* C for a 
further 20 minutes and cold (0*C) anhydrous diethyl ether was added. The resulting white precipitate was 
filtered off and the cold filtrate was added dropwise to 100 ml of a stirred, cold (-8*C) solution of 
diazom ethane in diethyl ether. The cooling was removed and the solution was stirred for 3 hours. Water was 
added while stirring. The organic phase was washed in sequence with water, sodium bicarbonate solution 
and saturated sodium chloride solution and then dried over sodium sulphate. The solvent was removed by 
evaporation to give a yellow oil which, on evaporation with petroleum ether (boiling point 40-60* C), gave 9.4 
g of a solid. Trituration of this solid with diethyl ether and refrigeration at 4*C overnight gave 3.2 g of 
benzyl [3-diazo-1(SH(2-naphthyl)methyl]-2-oxopropyl] carbamate. 
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(iii) 3.13 g of benzyl [3-diazo-1(S)-[(2-naphthyl)methyl]-2-oxopropyl] carbamate were dissolved in 200 
ml of anhydrous diethyl ether and stirred while hydrogen chloride gas was bubbled through the solution. 
After 1 hour the initially-precipitated solid became more granular and excess hydrogen chloride was being 
emitted. Then, the solvent was removed by evaporation at room temperature and the resulting white solid 

s was dried and freed from entrained hydrogen chloride in a vacuum over sodium hydroxide for 2 hours. The 
resulting benzyl [3-chloro-1(SH(2-naphthyl)methyl>2-oxopropyl] carbamate was used immediately in the 
next step. 

(iv) The foregoing benzyl [3-chloro-1(SH(2-naphthyl)methyl>2-oxopropyl] carbamate was dissolved in 
100 ml of 10% aqueous tetrahydrofuran, cooled to 0*C and treated witfi 0.456 g of sodium borohydride 

10 which was added carefully as the solid. The mixture was stirred at 0*C for 1 hour and then at room 
temperature overnight. The mixture was evaporated to give a white solid which was partitioned between 
dichioromethane and water. The stirred mixture was carefully acidified to pH 1 with concentrated hydrochlo- 
ric acid. The phases were separated and the aqueous phase was back-extracted with dichioromethane. The 
combined organic phases were dried over anhydrous sodium sulphate and evaporated to give 4.325 g of 

15 crude product of melting point 155-160* C. This crude product was extracted with boiling n-hexane. After 
removal of the solvent by evaporation the residue was recrystallized from ethyl acetate/n-hexane to give 
1.046 g of pure benzyl [3-chloro-2(S)-hydroxy-1{S)-[(2-naphthyl)methyl]propyl] carbamate of melting point 
173-174* C. 

(v) 1.02 g of benzyl [3-chloro-2(S)-hydroxypropyl-1(SH(2-naphthyl)methyl]propyl] carbamate were 
20 stirred in 40 ml of ethanol with 4 ml of 0.7M potassium hydroxide solution in ethanol for 0.75 hours. The 

solvent was removed by evaporation and the residue was partitioned between dichioromethane and water. 

The organic phase was dried over anhydrous sodium sulphate and evaporated to give a white solid which 

was recrystallized from ethyl acetate/n-hexane. There was obtained 0.879 g of 3(SMbenzyloxyformamido)- 

1,2(S)-epoxy-4-(2-naphthyl)butane as a white solid of melting point 115-116* C. 
25 (vi) 0.465 g of 3(S)-(benzyloxyformamido)-1,2(S)-epoxy 4-(2-naphthyl)butane and 0.251 g of L-proline 

tert.butylamide in 10 ml of dry isopropanol was heated at 80* C for 23 hours and worked-up as described in 

Example 92(1) to give 0.483 g of N 2 -[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-(2-naphthyl)butylhN t - 

tertbutyl-L-prolinamide as a white foam melting at about 75-85* C. 

(vii) A solution of 0.725 g of l^t3(S)-(benzyloxyfomiamido)-2(R)-hydroxy-4-(2-naphthyl)buty 
30 tertbutyl-L-prolinamide was dissolved in 25 mi of ethanol and hydrogenated at room temperature and under 

atmospheric pressure over 0.5 g of 10% palladium-on-carbon for 20 hours. The catalyst was filtered off and 

the filtrate was evaporated to give 0.54 g of N J 43(S)-amino-2(R)-hydroxy-L-(2-naphthyl)butyl]-N 1 -tert.butyl-L- 

proiinamide as a white foam which was used without further purification. 

35 

Example 104 



40 In a manner analogous to that described in Example 92, from 0.133 g of N-(benzyloxycarbonyl)-L- 
asparagine, 0.068 g of hydroxy benzotriazole, 0.103 g of dicyclohexylcarbodiimide and 0.16 g of ^-[3(8)- 
amino-2(R)-hydroxy-4-phenylbutylhN 1 -tert.butyl-4(R)-hydroxy-L-proljnamide l but using dichioromethane in 
place of ethyl acetate as the partitioning solvent and 20% methanol in dichioromethane for the chromatog- 
raphy and carrying out the re-evaporation with diethyl ether, there was obtained 0.1 g of NM3(SHN- 

45 (benzyloxycarbonylK-asparaginyl amino]-2(R)-hydroxy-4-pheny[butyl]-NMert butyi-4(R)-hydroxy-L-pro- 
linamide of melting point 115* C. 

The N 2 -[3(S)-amino-2(R)-hydroxy-4-phenyibutyl]-N 1 -tertbutyl^R)-hydroxy-Li>roH used as the 

starting material was prepared as foitows: 

(i) 2.65 g of N-(benzyloxycarbonyl)-4(R)-hydroxy-L-proline were dissolved in 10 ml of dry 

so tetrahydrofuran and cooled to -10* C while stirring with a magnetic stirrer. 1.15 g of N-ethylmorpholine were 
added followed immediately by 1.36 g of isobutyl chloroformate. The mixture was stirred at -10* C for 30 
minutes and then 2.19 g of tertbutylamine were added. Stirring was continued at 10* C for 1 hour, the 
mixture was allowed to warm to room temperature during 2 hours and was then left to stand for 2 hours. 
The solvent was removed by evaporation in a vacuum and the residue was partitioned between ethyl 

55 acetate and water. The organic layer was washed with 10% citric acid solution and sodium bicarbonate 
solution and then dried over sodium sulphate. The solvent was removed by evaporation to give a solid 
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which was triturated with diethyl ether and filtered off. There were obtained 2.23 g of crude product which 
was recrystallized from ethyl acetate/diethyl ether to give 1.57 g of N^(benzyloxy<*rbonyl)-NMertbutyl-4- 
(R)-hydroxy-L-prolinamide of melting point 128-1 30 # C. 

(ii) 0224 g of N^(benzyloxycarix)nyl)-N 1 -tertbutyl-4<R)-hydroxy-L-prolinamide was dissolved in 20 ml 
of ethanol and hydrogenated over 50 mg of 10% palladium-on-carbon at room temperature and under 
atmospheric pressure for 2 hours. The catalyst was filtered off and the filtrate was evaporated to give 0.13 g 
of NMertbutyl-4(R)-hydroxy-L-prolinamtde which was used in the next step without further purification. 

(iii) 0.13 g of NMeitbutyl^R)-hydroxy-l-prolinamide and 0208 g of 3(SHbenzyloxyformamido)-1,2- 
(S)-epoxy-4-phenylbutane in 10 ml of dry isopropanol were heated at 80* C for 24 hours. Working-up in a 
manner analogous to that described in Example 33(iii) gave, after trituration with diethyl ether, 0.236 g of 
l^3(SMbenzyloxyformamido)-2(R)-hydro as a 
white gelatinous solid of melting point 135* C. 

(iv) 0226 g of NM3(S)-(ber«yloxyformamido)-2(R)-hydrox^ 

L-proiinamide was dissolved in 20 ml of ethanol and hydrogenated over 40 mg of 10% palladium on-carbon 
at room temperature and under atmospheric pressure for 2 hours. The catalyst was removed by filtration 
and the filtrate was evaporated to give 0.16 g of N 2 -[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N 1 -tertbutyl-4- 
(R)-hydroxy-L-prolinamide as a gum which was used without further purification. 



Example 105 



In a manner analogous to that described in Example 92, but using dichloromethane in place of ethyl 
acetate as the partitioning solvent, using 20% methanol in dichloromethane for the chromatography and 
carrying out the re-evaporation with diethyl ether, from 0.067 g of N-(benzyloxycarbonyl)-L-asparagine, 
0.034 g of hydroxybenzotriazole, 0.052 g of dicyclohexylcarbodiimide and 0.08 g of N^CStSJ-amino^R)- 
hydroxy^phenylbutyll-N^tert-butyl^SJ-hydroxy-L-prolinamide there was obtained 0.03 g of NM3(SH[N- 

(benzyloxycarbonylK-aspaiaginyl]amino]-2^ 

prolinamide as a cream coloured solid melting at about 140* C. 

The hP^Shamino^RJ-hydroxy^phenylbuty^N^tert-butyl-^SJ-hydroxy-L-prolinamide used as the 
starting material was prepared as follows: 

(i) 1.7 g of N-(benzyloxycarbonyl)-4(S)-hydroxy-L-proline were dissolved in 15 ml of dry dimethylfor- 
mamide while stirring and the solution was cooled to 0* C. 0.817 g of N-hydroxysuccinimide was added and 
the mixture was stirred while the temperature was allowed to rise to 20* C. The mixture was then stirred 
overnight at room temperature. The resulting dicyclohexylurea was filtered off and the filtrate was cooled to 
-10* C. 2 ml of tertbutylamine were then added while stirring. Stirring was continued while the mixture was 
allowed to warm to room temperature and the mixture was then stirred overnight. The separated solid was 
filtered off and the filtrate was evaporated in a vacuum to give a gum which was partitioned between ethyl 
acetate and water. The organic layer was washed with 10% citric acid solution and then with saturated 
sodium bicarbonate solution. The aqueous phases were back-extracted twice with ethyl acetate. The 
combined organic phases were dried over anhydrous sodium sulphate and evaporated to give a solid which 
was purified by flash chromatography on silica gei using 5% methanol in dichloromethane for the elution. 
There were obtained 1.36 g of a crude product which was recrystallized from ethyl acetate/diethyl 
ether/petroleum ether (boiling point 40-60* C) (1:4:4) and then stored at 4* C in a refrigerator overnight 
There were thus obtained 1.127 g of IsP-tbenzyloxycarbonylJ-N'-tert-butyl-^SJ-hydroxy-L-prolinamide of 
melting point 131-132* C. 

(ii) 0224 g of N^(benzyloxycarbonyl)-N 1 -tert.butyl-4(S)-hydroxy-L-prolinamide was hydrogenated in a 
manner analogous to that described in Example 104 (ii) to give 0.135 g of N ! -tert.butyl-4(S)-hydroxy-L- 
prolinamide as a gum-like solid which was used in the next step without purification. 

(iii) 0.135 g of N 1 -tertJbutyi-4(S)-hydroxy-L-proiinamide and 0208 g of 3(S)-(benzyloxyformamido)-1 ,2- 
(S)-epoxy-4-phenylbutane in 10 ml of dry ethanol was stirred for 4 days at room temperature. The mixture 
was worked-up as described in Example 92(i), with the exception that the chromatography was carried out 
using 10% methanol in dichloromethane for the elution. There was obtained 0.11 g of NM3(S)- 

(benzyloxyfomiamido)-2(R)-hydrox^ as a foam. 

(iv) 0.11 g of NH^S)-(benzyloxyformamido)-2(R^ 

prolinamide was dissolved in 10 ml of ethanol and hydrogenated over 20 mg of 10% palladium-on-carbon at 
room temperature and under atmospheric pressure for 2 hours. The catalyst was filtered off and the filtrate 
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was evaporated to give 0.08 g of N2^3(Shamino-2(R)-hydroxy^henylbutylhN 1 -tert.butyM(S)-hydroxy-L- 
prolinamide as a gum which was used without further purification. 



s 

Example 106 



In a manner analogous to that described in Example 92, but using dichloromethane in place of ethyl 

10 acetate as the partitioning solvent, using 20% methanol in dichloromethane for the chromatography and 
carrying out the re-evaporation with diethyl ether, from 0.105 g of N-(benzyloxycarbonylK-asparagine, 
0.054 g of hydroxybenzotriazole, 0.082 g of dicyclohexylcarbodiimide and 0.17 g of N 2 -[3(S)-amino-2(R)- 
hydroxy-4-phenylbutyl]-4(RMtert.buto^ there was obtained 0.045 g 

of NH3(S)-ttNKbenzyloxycarbonylK-asp^ 

T5 (tertbutoxyformamido)-N 1 -tert.butyl-L-prolinamide as an off-white solid of melting point 170-175* C. 

The NH3(S)-amino-2(R)-hydroxy-4-phen^ -tertbuty l-L-proiinamide 

used as the starting material was prepared as follows: 

(i) 0.32 g of ^{benzyloxycarbonyO-N^tert-butyl^SJ-hydroxy-L-prolinamide was dissolved in 5 ml of 
dry pyridine while stirring, cooled to 0°C and treated dropwise with 0.82 ml of methanesulphonyl chloride. 

20 The solution was stirred at 0*C for a further 2 hours. The mixture was poured into a mixture of ice and 
water which was then extracted with ethyl acetate. The combined organic extracts were washed with 2M 
hydrochloric acid and then with saturated sodium bicarbonate solution and subsequently dried over 
anhydrous sodium sulphate. After evaporation there was obtained 0.5 g of (^(benzyloxycarbonylJ-N 1 - 
tert.butyl-4(SHmethanesulphonyloxy)-L-proiinamide as an oil which was used without further purification. 

25 (ii) 0.5 g of NHbenzyloxycarbonyl)-N 1 -tert.butyl-4(S)-(methanesulphonyloxy)-L-prolinamide was dis- 

solved in 10 ml of dry dimethylformamide and treated with 0.330 g of sodium azide. The heterogeneous 
mixture was stirred and heated at 75 *C for 18 hours. The mixture was evaporated under an oil pump 
vacuum to give a solid which was partitioned between ethyl acetate and water. The ethyl acetate phase was 
washed with saturated sodium chloride solution and dried over anhydrous sodium sulphate. The solvent was 

30 removed by evaporation to give 0.345 g of N^benzyloxycarbonyO^RJ-azido-N^tert-butyl-L-prolinamide in 
the form of a gum. 

(Hi) 0.345 g of ^(benzyloxycarbonyl^RJ-azido-N^tert.butyl-L-prolinamide was dissolved in 5 ml of 
dry tetrahydrofuran and the solution was evaporated. The residual gum was dissolved in 10 ml of dry 
tetrahydrofuran and treated under a nitrogen atmosphere with 0.262 g of triphenylphosphine. The resulting 

35 solution was left to stand under a nitrogen atmosphere at room temperature for 18 hours. 0.027 g of water 
was added and* the solution was left to stand at room temperature for 24 hours. The solvent was then 
removed by evaporation and the residual gum was partitioned between water and diethyl ether. The 
aqueous phase was back-extracted with diethyl ether. The aqueous phase was then evaporated to give 0.09 
g of N^tbenzyloxycarbonylHtRJ-amino-N'-tertbutyl-L-prolinamide as a gum. After standing overnight at 

40 room temperature the diethyl ether extracts were combined and evaporated to give 0.7 g of an oil which 
was chromatographed on silica gel using 10% methanol in dichloromethane for the eiution to give a further 
0.16 g of N 2 -(benzyloxycarbonylH(R)-amino-N 1 -tert.butyl-L-prolinamide as a gum. 

(iv) 0.21 g of N 2 -(benzyloxycarbonyl)-4(R)-amino-N 1 -tert.butyl-L-prolinamide was dissolved in a mix- 
ture of 5 ml of dioxane and 5 ml of water. 0.056 g of sodium bicarbonate was added to give a solution to 

45 which 0.144 g of di(tertbutyl) dicarbonate was added. The mixture obtained was stirred at room tempera- 
ture overnight. Solvents were removed by evaporation and the residue was partitioned between water and 
diethyl ether. The aqueous phase was back-extracted with diethyl ether and then with ethyl acetate. The 
combined organic extracts were washed with saturated sodium chloride solution and dried over anhydrous 
sodium sulphate. The dried extracts were combined and evaporated to give 0.27 g of N 2 - 

so (benzyloxy<^itonyl)-4(R>-(teilbutoxyformamido)-N t -tertbutyl-L-^ as an off-white foam. 

(v) 0.25 g of N^(benzyloxycarbonyl)-4(RHtert.butoxyformamido)-N 1 ^ was dis- 
solved in ethanol and hydrogenated over 0.1 g of 10% palladlum-on-carbon at room temperature and under 
atmospheric pressure for 4 hours. The catalyst was filtered off and the filtrate was evaporated to give 0.17 g 
of 4(R>-(tert.butoxyformamido)-N , -tert.butyl-L-prolinamide as a glass which was used without further purifica- 

55 tion. 

(vi) 0.17 g of 4(RHtert.butoxyformamido)-N , -tert.buty l-L-prolinamide and 0.178 g of 3(S)- 
(benzylo)cyformamido)-1.2(S)-epoxy-4-phenylbutane in 15 ml of dry ethanol were stirred and the resulting 
solution was left to stand at room temperature for 4.5 days. The solution was then heated at 40* C for 96 
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hours. Working-up as described in Example 920). with the exception that the chromatography was carried 
out using 10% methanol in dichloromethane for the elution, gave 0.230 g of l^[3(SHbenzylo)^rmamicloh 
2(R)-hydroxy^phenylbutylM(RMtertb^ as a gum. 

(vii) 0.22 g of N^[3(SHbenzy!oxyformamido)-2(R>-hydroxy-4-phenylbutylH(R)- 
(tert-butoxyformamidohN'-tertbutyl-L-prolinamide was dissolved in 10 ml of ethanol and hydrogenated over 
0.05 g of 10% palladium-on-carbon at room temperature and under atmospheric pressure for 2 hours. The 
catalyst was filtered off and the filtrate was evaporated to give 0.17 g of NM3(S)-amino-2(R)-hydroxy-4- 
phenylbutyl]-4(RHtert.butoxyformamido)-N 1 -tert.butyl-L-prolinan^ as a gum which was used without fur- 
ther purification. 



Example 107 



In a manner analogous to that described in Example 27, from 162 mg of 2-[[3(SH[L-asparaginyl]aminoJ- 
2(R)-hydroxy-4-phenylIbutyl]-N-tert.butyM ,2 f 3,4-tetrahydropyrido[3,4-b]indole-1 (R or S)-carboxamide. 
(isomer B), 55 mg of quinaldic acid, 43 mg of 1-hydroxybenzotriazole, 0.04 ml of N-ethylmorpholine and 68 
mg of dicyclohexylcarbodiimide there were obtained, after chromatography on silica gel using 3% methanol 
in ethyl acetate for the elution, 95 mg of N-tert.butyl-1,2,3,4-tetrahydro-2-[2(R)-hydroxy-4-phenyl-3(S)-[[N-(2- 
quinolylcarbonyl)-L-asparaginyi]aminoIbutyl]pyrido[3,4-b]indole-1(R or S)-carboxamide; MS: m/e 707 
[M + H]*. 

The 2-{[3(S)-[[L-asparaginyl]aminoh2(R^ 
[3,4-b]indole-1(R or S)-carboxamide used as the starting material was prepared by hydrogenating-2-[3(S)-[- 

[N-(benzyloxycarbonylK-asparag^^ • 2 » 3 - 4 " 
tetrahydropyrido[3,4-bJindole-1(R or S)-carboxamide. 



Example 108 



A solution of 154 mg of trans-2-[3(SH(L- asparaginyl)amino]-2(R)-hydroxy-4-phenylbutylhN-tert.butyl- 
decahydro-(4aR,8aS)-isoquinoline-3(S)-carboxamide and 52 mg of quinaldic acid in 6 ml of dry 
tetrahydrofuran was cooled in an ice/salt mixture. 41 mg of hydroxybenzotriazole, 35 mg of N-ethylmor- 
pholine and 68 mg of dicyclohexylcarbodiimide were added and the mixture was stirred for 64 hours. The 
mixture was diluted with ethyl acetate and filtered. The filtrate was washed with aqueous sodium 
bicarbonate solution and with sodium chloride solution and then evaporated. The residue was chromatog- 
raphed on silica gel using dichloromethane/methanol (9:1) for the elution to give 50 mg of trans-N-tert.butyl- 
decahydro-2-[2(R)-hydroxy-4-phenyl-3(^ 

isoquinoline-3(S)-carboxamide as a white solid; MS: m/e 671 [M + H]\ 

The trans-2-[3(SH(L-asparaginyl)aminol-2(Rhhydroxy-4-phenylbutyl]-N-tert.butyW 
isoquinoline-3(S)-carboxamide used as the starting material was prepared by hydrogenating trans-2-[3(S)-[- 
[N-(benzyloxycarbonylK-asparaginyllam^ 
isoqulnoline-3(S)-carboxamide. 



Example 109 



A solution of 1.02 g of 1-[3(S)-amino-2(R)-hydroxy-4-phenylbutylJ-N-tertbutyl-2(S)-piperidinecarbo- 
xamide and 685 mg of N-(tert.butoxycarbonyl)-S-methyl-L-cysteine in 7 ml of dry tetrahydrofuran was 
cooled in an ice/salt mixture. 394 mg of hydroxybenzotriazole, 335 mg of N-ethylmorpholine and 661 mg of 
dicyclohexylcarbodiimide were added and the mixture was stirred for 3 hours. The mixture was diluted with 
ethyl acetate and filtered. The filtrate was washed with aqueous sodium bicarbonate solution and with 
sodium chloride solution and then evaporated. The solvent was removed by evaporation and the residue 
was chromatographed on silica gel using dichloromethane/methanol (98:4) for the elution to give 630 mg of 
1-t3(SHtN^terlbutoxycarbonyl)-L-cysteinyl]aminoh2(R)-hydroxy-4-ph 
piperidtnecarboxamide in the form of a white solid; MS: m/e 565 [M + H] . 
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Example 110 



A solution of 650 mg of N-tertbutyl-1-{3(SH(L-<^steinyl)am 

5 piperidinecarboxamide and 242 mg of quinaldic acid was cooled in an ice/salt mixture. 189 mg of 
hydroxybenzotriazole. 161 mg of N-ethylmorpholine and 317 mg of dicyclohexylcarbodiimide were added 
and the mixture was stirred for 64 hours. The mixture was diluted with ethyl acetate and filtered, and the 
filtrate was then evaporated. The residue was partitioned between dichloromethane and aqueous sodium 
bicarbonate solution. The organic phase was washed with sodium chloride solution and then evaporated. 

10 The residue was chromatographed on silica gel using dichloromethane/methanol (19:1) for the elution to 
give 350 mg of N-tert±utyl-1-[2(R)-hydroxy-4-phenyl-3^ 
2(S)-piperidinecarboxamide as a white solid; MS: m/e 620 [M + H]* . 

The N-teitbutyl-H3(SH(L^ysteinyl)amino]-2(R)-hydroxy-4-phenylbutyl]-2(S)-piperi 

used as the starting material was prepared as follows: 

T5 A solution of 930 mg of l-[3(S)-[[^tert.butoxycaitonylK^ 

tertbutyl-2(S)-piperidinecarboxamide in 7 ml of trifluoroacetic acid was stirred at 20* C for 1 hour. The 
mixture was then evaporated to dryness and the residue was partitioned between dichloromethane and 
aqueous sodium bicarbonate solution. The organic phase was evaporated to give 650 mg of N-tert.butyl-1- 
[3(SH(L-cysteinyl)aminoh2(R)-hydroxy-4-phenylbutylh2(S)-piperidinecarboxamide as a colourless gum; MS: 

20 m/e[M + Hf. 



Example 111 



15 mg of freshly distilled acetyl chloride were added to a solution, which was cooled to 0 # C and stirred, 
of 12 mg of 4(R)-amino-^-[3(S)^N-(benz 

NMert.butyl-L-prolinamide hydrochloride and 21 mg of sodium bicarbonate in 0.5 ml of water and 0.25 ml 
of dimethylformamide. The mixture was stirred vigorously at 0* C for 5 hours and then left to stand at room 
$o temperature overnight. The mixture was diluted with water and extracted with dichloromethane. The 
combined dichloromethane extracts were evaporated to give a gum which was purified by flash chromatog- 
raphy on silica gel using 20% methanol in dichloromethane for the elution. There were obtained 2 mg of 4- 
(R)-a<»tylaminchNM3(S)-^ 

tertbutyl-L-prolinamide as a semi-solid; MS: m/e 639 [M + H]\ 

35 The 4(R)-amlno-N 2 -[3(SH[N-(benzyloxy^^ 

tertbutyl-L-prolinamide hydrochloride used as the starting material was prepared as follows: 
29 mg of ^-t3(S)-[[N 2 -(benzyloxycarbonyl)-L-asparaginyl]aminoh2(R)-hydroxy-4-phenylbutylH(R)- 
(tertbutoxyformamido)-N 1 -tert.butyl-L-prolinamide were dissolved in 0.5 ml of a saturated solution of 
hydrogen chloride in ethyl acetate and left to stand at room temperature for 1 hour. The solution was 

40 evaporated and the residue was triturated with diethyl ether and stored at 4* C overnight. The separated 
solid was filtered off and washed with diethyl ether to give 19 mg of 4<R)-amino-N 2 -[3(S)-[[N- 
(benzyloxycart>onylK-asparaginyl]am^ hydro- 
chloride as a solid of melting point 206-210° C. 

The following Example illustrates the manufacture of a pharmaceutical preparation containing a 

45 compound of formula I or a pharmaceutical^ acceptable acid addition salt thereof as the active ingredient: 



Example A 



An aqueous solution of the active ingredient is filtered sterile and mixed while warming with a sterile 
gelatine solution, which contains phenol as a preserving agent, using amounts such that 1.00 ml of the 
resulting solution contains 3.0 mg of active ingredient. 150.0 mg of gelatine, 4.7 mg of phenol and distilled 
water ad 1 .0 ml. The mixture is filled into vials of 1 .0 ml capacity under aseptic conditions. 
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Claims 



1. Compounds of the general formula 




wherein n stands for zero or 1; R 1 represents alkoxycarbonyl, aralkoxycarbonyl, alkanoyl, cycloalkylcar- 
bonyl. aralkanoyl, aroyl, heterocyclylcarbonyl, alkylsulphonyl, arylsulphonyl, monoaralkylcarbamoyl, cin- 
namoyl or a-aralkoxycarbonylaminoalkanoyl and R 2 represents hydrogen or R 1 and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imide group of the formula 



in which P and Q together represent an aromatic system; R 3 represents alkyl, cycloalkyi, aryl, aralkyi, 
heterocyctyialkyl, cyanoalkyl, alkylsulphinylalkyl, carbamoyialkyl or alkoxycarbonylalkyl or, when n stands 
for zero, R 3 can also represent alkylthioalkyl or, when n stands for 1 , R 3 can also represent alkylsulphonylal- 
kyl; R* represents alkyl, cycloalkyi, cycloalkylalkyl, aryl or aralkyi; R 5 represents hydrogen and R 6 
represents hydroxy or R 5 and R s together represent oxo; R 7 and R 8 together represent a trimethylene or 
tetramethylene group which is optionally substituted by hydroxy, alkoxycarbonylamino or acylamino or In 
which one -CH 2 - group is replaced by -NH-, -N(alkoxycarbonyl)-, -N(acyl)- or or which carries a fused 
cycloalkane, aromatic or heteroaromatic ring; and R 9 represents alkoxycarbonyl, monoalkylcarbamoyl, 
monoaralkylcarbamoyl. monoarylcarbamoyl or a group of the formula 



in which R 10 and R 11 each represent alkyl; 

and pharmaceutical ly acceptable add addition salts thereof. 

2. Compounds according to claim 1, wherein n stands for zero, R 3 represents alkyl, cycloalkyi, aryl, 
aralkyi, heterocyclylalkyl, cyanoalkyl, alkylthioalkyl, carbamoyialkyl or alkoxycarbonylalkyl and R 7 and R 8 
together represent a trimethylene or tetramethylene group in which one -CH2- group can be replaced by 
-NH- or -S- or which can carry a fused cycloalkane, aromatic or heteroaromatic ring. 

3. Compounds according to claim 1 or claim 2, wherein R 1 represents alkoxycarbonyl, aralkoxycarbonyl, 
alkanoyl, cycloaikylcarbonyl, aralkanoyl, aroyl, heterocyclylcarbonyl or o-aralkoxycarbonylamino-alkanoyl, 
preferably benzyloxycarbonyl, 2-naphthoyl, 1-hydroxy-2-naphthoyl, 3-hydroxy-2-naphthoyl, 3-benzyloxy-2- 
naphthoyl, 2-quinolylcarbonyl or 3-quinolylcarbonyl, and R 2 represents hydrogen. 

4. Compounds according to any one of claims 1 to 3, wherein R 3 represents alkyl, cyanoalkyl, 
alkylthioalkyl or carbamoyialkyl, preferably cyanomethyl, methylthiomethyi or carbamoyimethyl. 

5. Compounds according to any one of claims 1 to 4, wherein R 4 represents aralkyi, preferably benzyl. 



O 





(b); 
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6. Compounds according to any one of claims 1 to 5, wherein R 5 represents hydrogen and R 6 
represents hydroxy. 

7. Compounds according to any one of claims 1 to 6, wherein -N(R 7 )-CH(R 8 )(R 9 ) represents one of the 
following groups 



TO 



,12 



/ — \ »» 



15 



20 



(C) 



• 9 

A 9 



(e) 



(d) 



(f ) 



30 



36 



40 



45 



50 




and 




(h) 



v ! 
\ i ' 

(3) 

la 



55 



wherein R 9 has the significance given in claim 1, R 12 represents hydrogen, hydroxy, alkoxycarbonylamino 
or acylamino, R 13 represents hydrogen, alkoxycarbonyl or acyl, m stands for 1 or 2 and p stands for 1 or 2, 
preferably a group of formula (c) in which R 12 represents hydrogen and m stands for 2 or R 12 represents 
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tert butoxycarbonylamino and m stands for 1, a group of formula (d) in which R 13 represents 
tertbutoxycarbonyl, a group of formula (e) in which m stands for 1, a group of formula (f) in which m and p 
both stand for 1 or a group of formula (g), (i) or (j). 

8. Compounds according to any one of claims 1 to 7, wherein R 9 represents atkoxycarbonyl, 
monoaikylcarbamoyl or a group of formula (b) given in claim 1, preferably tertbutoxycarbonyl, isobutylcar- 
bamoyl, tertbutyicarbamoyl or a group of formula (b) given in claim 1 in which R 10 represents secbutyl and 
R" represents isobutyl. 

9. Compounds according to any one of claims 1 to 8, wherein R 1 represents benzyloxycarbonyl, 2- 
naphthoyl, 1-hydroxy-2-naphthoyl, 3-hydroxy-2«naphthoyl. 3-benzyloxy-2-naphthoyi, 2-quinolylcarbonyl or 3- 
quinolylcarbonyl and R 2 represents hydrogen, R 3 represents cyanomethyl, methyithiomethyl or carbamoyl- 
methyl, R* represents benzyl, R s represents hydrogen and R 6 represents hydroxy and -N(R 7 )-CH(R 8 )(R 9 ) 
represents a group of formula (c) given in claim 7, in which R 12 represents hydrogen and m stands for 2 or 
R 12 represents tertbutoxycarbonylamino and m stands for 1, a group of formula (d) given in claim 7 in 
which R 13 represents tertbutoxycarbonyl, a group of formula (e) given in claim 7 in which m stands for 1, a 
group of formula (f) given in claim 7 in which m and p both stand for 1 or a group of formula (g), (i) or fl) 
given in ciaim 7 and R 9 represents tertbutoxycarbonyl, isobutylcarbamoyl, tertbutyicarbamoyl or a group of 
formula (b) given in claim 1 in which R 10 represents secbutyl and R 11 represents isobutyl. 

1 0. N^^S^flN-tBenzyioxycarbonylJ-L-asparaginyllamino^R or SHiydroxy-4-phenylbutylJ-N 1 - 
tertbutyl-L-prolinamide or N^PtSJ-UN-tbenzyloxycarbonyiy-L-asparaginyllaminoJ^tR or S)-hydroxy-4- 
phenylbutyl]-N 1 -isobutyI-L-prolinamide. 

11. A compound according to claim 1, selected from: 
NH3<S)-nN-(Benzyloxycarbonyl>L-aspa^ 
thiazolidinecarboxamide, 

N-tertbutyl-1 -[2(R)-hydroxy-3(S)^N-(2-naphthoyl)-L-asparaginyl]aminoh4-phenylbutyl]-2(S)- 
piperidinecarboxamide, 

1- [3(SH[N-(benzyloxyc^bonyl)-l-asparaginyi]^ 
(3aS,6aS)-cyclopenta[b]pyrrole-2(S)-carboxamide. 
H3(SH[l^(benzyloxycaitionyl)-L-^^ 
piperidinecarboxamide, 

2- [3(S)-[[IVHbenzyloxycarbonyl)-L-asparaginyl]aminoh2(R)-hydro ,2,3,4- 
tetrahydropyrido[3,4-b]indole-1 -carboxamide, 
N-tertbutyl-3-[2(R)*ydroxy-3(SHIN-{2^ 

thiazolidinecarboxamide, 

N 1 -tertbutyl-NH2(Rhhydroxy-4-phenyl-3(SH[N-(2-quinolylcarbonyl)-L-asparaginyl]^ N 2 - 
oxide, 

H3(S)-[[N-(benzy!o>ycarbonyl^^ 
piperidinecarboxamide, 

1-[3(S)-[[N-(ben2^lcocycarbonyl)-L-asparaginyl]aminoh2(R)-hydroxy-4-phenylbu^ 
tertbutyl-2(R or S)-piperazinecarboxamide, 

H3(S)-[[N-(benzyloxycarbonyl)-3-cyano-L-alanyl]amino]-2(R)-hydroxy-4-phenyIbutyl]-^ 

(tertbutoxycarbonyl)-N-tertbutyl-2(R or S)-piperazinecarboxamide, 

NM3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]aminoh2(R)-hydroxy^p 

(tertbutoxyformamidoJ-N^tertbutyl-L-prolinamide, 

1-[3(SH[N-(3-benzyloxy-2-naphthoylK-asparag^^ 

piperidinecarboxamide, 

N-tert.butyM -[2(RHiydroxy-4«pheny l-3^ 

piperidinecarboxamide 1 -oxide, 

N-tertbutyl 1-[3(SH(N-(34iydroxy-2-naphthoyl)-L-asparaginyl]aminoh2{R)-hydroxy^phenylbutyn 

piperidinecarboxamide, 

trans-2-{3(SH[NKbenzyloxycartonyl)-L«as 

decahydro-(4aR,8aS)-isoquinoline-3(S)-carboxamlde, 

4-(tertbutoxycarbonylH^-tertbutyl-H^ 

amino]butyl}-2(R or S)-piperazinecarboxamide, 

N-tertbutyl-1 -{2(R}-hydroxy-3(S)-aN-(1 -hydroxy-2~naphthoyl)-L-asparaginy l]amino]-4-pheny Ibuty l>2(S)- 

piperidinecarboxamide, 

tr^-^ertbutyl-decahydro-2-[2(R)-hydroxy 
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butylK4aR,8aS)-isoquinoline-3(SKarboxamid© and 
N-tert.butyl-1 -[2(R)-hydro^ 
piperidinecarboxamide. 

1 2. N-tert Butyl 1 -[2(R)-hydroxy^phenyl-3(S)-[[N-(2^uinolylca^ 
5 piperidinecarboxamide. 

1 3. N-tert.Butyl-cctahydro-1 -[2(R)-hydroxy-4-pheny l-3(S)-[[N-(2-quinolylcarbony l)-L-asparaginy IJamino]- 
butyK3aS,6aS)-cyclopenta[b]pyrrole-2(S)-carboxarnide. 

14. N-tert.Butyl-1 ,2,3,4-tetrahydro-2 [2(Rhhydroxy^phenyW(SH[N-(2-quinolylcarbonyl)-L-asparaginyl]- 
aminolbutyl]pyrido[3,4-b]indole-1(R or S)-carboxamide. 

to 1 5. Compounds of the general formula 

** R 7 



75 



20 



25 



40 



wherein R represents hydrogen or the group 



30 R 3 represents alkyl, cycloalkyl, aryl, aralkyl, heterocyclylalkyl, cyanoalkyl, alkylthioalkyl, alkylsulphinylalkyl, 
carbamoylalkyl or alkoxycarbonylalkyl; R* represents alkyl. cycloalkyl, cycloaikylalkyl, aryl or aralkyl; R s 
represents hydrogen and R 6 represents hydroxy or R 5 and R 6 together represent oxo; R 7 and R 8 together 
represent a trimethylene or tetramethylene group which is optionally substituted by hydroxy, alkoxycar- 
bonylamino or acylamino or in which one -CH 2 - group is replaced by -NH-, -N(alkoxycarbonylh -N(acyl)- or 

3S -s- or which carries a fused cycloalkane, aromatic or heteroaromatic ring; and R 9 represents alkoxycar- 
bonyl, monoalkylcarbamoyl. monoaralkylcarbamoyl, monoarylcarbamoyl or a group of the formula 



NH / C0 V 
•CO X CH X \h_ R " 



B 10 



45 in which R 10 and R 11 each represent alkyl. 
16. Compounds of the genera! formula 



,2 R 4 (0)„ D 7 



so ? i ry a 
r -v / co \ / CH \ / CH3_,i \ y vl 



t 
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wherein n stands for zero or 1; R 1 represents alkoxycarbonyl. araikoxycarbonyl, alkanoyl. cycloalkylcar- 
bonyl, aralkanoyl, aroyl. heterocyclylcarbonyl, alkylsulphonyl. arylsulphonyl. monoaralkylcarbamoyl, cin- 
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TO 



namoyl or o-aralkoxycarbonyiamino-alkanoyl and R 2 represents hydrogen or R 1 and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imide group of the formula 

N— 



in which P and Q together represent an aromatic system; R 3 represents alkyl, cycloalkyl, aryl, aralkyl, 
heterocyclylalkyl, cyanoaikyl, aikylsuiphinylalkyl, carbamoylalkyl or alkoxycarbonylalkyl or, when n stands 
16 for zero, R 3 can also represent alkylthloalkyl or, when n stands for 1, R 3 can also represent alkylsulphonylal- 
kyl; R* represents alkyl, cycloalkyl, cycloalkylalkyl, aryl or aralkyl; R 5 represents hydrogen and R 8 
represents hydroxy or R 5 and R 6 together represent oxo; R 7 and R 8 together represent a trimethylene or 
tetramethylene group which is substituted by amino; and R 9 represents alkoxycarbonyl, monoalkylcar- 
bamoyl, monoaraikylcarbamoyl, monoaryicarbamoyl or a group of the formula 

20 

—CO CH NH R 11 ( b ) 

lio 



in which R 10 and R 11 each represent alkyl. 

17. Amino acid derivatives according to any one of claims 1 to 14 for use as therapeutically active 
30 substances. 

18. Amino acid derivatives according to any one of claims 1 to 14 for use in the treatment or 
prophylaxis of viral infections. 

19. A process for the manufacture of a compound in accordance with any one of claims 1 to 14, which 
process comprises 

35 (a) for the manufacture of a compound of formula I in which n stands for zero, reacting a compound 

of the general formula 



40 



45 



R 4 
I 



H. 



■N 



CH^ 

If 



II 



wherein R 4 , R 5 . R 8 , R 7 , R 8 and R 9 have the significance given in claim 1. with an acid of the general 
formula 

50 

R 2 

ss CH COOH 111 
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wherein R 1 , R 2 and R 3 have the significance given in claim 1, 
or a reactive derivative thereof, or 

(b) for the manufacture of a compound of formula I in which n stands for zero, R 5 represents 
hydrogen and R 6 represents hydroxy, reducing a compound of formula I in which n stands for zero and R s 

5 and R 6 together represent oxo, or 

(c) for the manufacture of a compound of formula I in which n stands for zero and R 1 represents 
alkanoyl. cycloalkylcarbonyl, aralkanoyl, aroyl, heterocyclylcarbonyl, alkylsulphonyl, arylsulphonyl, <cin- 
namoyl or o- aralkoxycarbonylaminoalkanoyl and R 2 represents hydrogen or R 1 and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imide group of formula (a) given in claim 1, 

70 reacting a compound of the general formula 



wherein R 3 . R*. R 5 , R 6 , R 7 , R 8 and R 9 have the significance given in claim 1. 

with an agent yielding an alkanoyl, cycloalkylcarbonyl, aralkanoyl, aroyl, heterocyclylcarbonyl, alkylsul- 
phonyl. arylsulphonyl. cinnamoyl or eraralkoxycarbonylamino-alkanoyl group or with an agent forming a 
cyclic imide group of formula (a) given in claim 1, or 

25 (d) for the manufacture of a compound of formula I in which n stands for zero and R 1 represents 

monoaralkylcarbamoyl and R 2 represents hydrogen, reacting a compound of formula IV given earlier in this 
claim with a compound of the general formula 
Rt -n = C=.0 V 
wherein R 1 represents aralkyl, 

30 or 

(e) for the manufacture of a compound of formula I in which R 3 represents alkylsulphinylalkyl and n 
stands for zero, oxidizing a compound of formula I in which R 3 represents alkyithioalkyl and n stands for 
zero, or 

(f) for the manufacture of a compound of formula I in which n stands for 1 , oxidizing a compound of 
35 formula I in which n stands for zero, or 

(g) for the manufacture of a compound of formula I in which n stands for 1 and R 1 represents an 
aromatic N-heterocyclylcarbonyl N-oxide group and R 2 represents hydrogen, oxidizing a compound of 
formula I in which n stands for 1 and R 1 represents an aromatic N-heterocyclylcarbonyl group and R 2 
represents hydrogen, or 

40 (h) for the manufacture of a compound of formula I in which n stands for 1 and R 3 represents 

alkylsulphonylalkyl, oxidizing a compound of formula i in which n stands for 1 and R 3 represents 
alkylsulphinylalkyl, or 

(i) for the manufacture of a compound of formula I in which R 1 represents carboxy-substituted aroyl, 
hydroxy-substituted aroyl or hydrocinnamoyl and R 2 represents hydrogen, catalytically hydrogenating a 

45 compound of formula I in which R 1 represents benzyloxycarbonyl-substituted aroyl, benzyloxy-substituted 
aroyl or cinnamoyl and R 2 represents hydrogen, or 

(j) for the manufacture of a compound of formula I in which R 3 represents imidazol-4-yl and/or R 4 
represents hydroxy-substituted aryl or hydroxy-substituted aralkyl and/or R 7 and R 8 together represent a 
trimethylene or tetramethylene group in which one -CH2- group is replaced by -NH-, treating a compound of 

50 formula I in which R 3 represents 1-{benzyloxycarbonyl)-imidazol-4-yl and/or R 4 represents tertbutoxy- 
substituted aryl or tertbutoxy-substituted aralkyl and/or R 7 and R 8 together represent a trimethylene or 
tetramethylene group in which one -CH 2 - group is replaced by -N(tertbutoxy carbonyl)- with a strong acid, 
or 

(k) for the manufacture of a compound of formula I in which R 7 and R 8 together represent a 
55 trimethylene or tetramethylene group which is substituted by acylamino or in which one -CH 2 - group is 
replaced by -N(acyl)-. acylating a compound of the general formula 



15 




20 
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VI 



wherein n, R\ R 2 , R 3 , R 4 , R 5 , R e and R 9 have the significance given in ciaim 1 and R 7 and R 8 together 
represent a trimethylene or tetramethylene group which is substituted by amino or in which one -CH 2 - 
group is replaced by -NH-, 



(I) if desired, separating a mixture of diastereoisomeric racemates into the diastereoisomeric 
racemates or optically pure diastereoisomers, and/or 

(m) if desired, separating a mixture of diastereoisomers into the optically pure diastereoisomers, 

and/or 

(n) if desired, converting a compound of formula I obtained into a pharmaceutical^ acceptable acid 
addition salt 

20. A process according to claim 19 wherein compounds of formula I wherein n stands for zero, R 3 
represents aikyl, cycloalkyl, aryl. aralkyl, heterocyclylalkyl, cyanoalkyl, alkylthioaikyl, carbamoylaikyl or 
aikoxycarbonylaikyl and R 7 and R 8 together represent a trimethylene or tetramethylene group in which one 
-CH2- group can be replaced by -NH- or -S- or which can carry a fused cycloalkane, aromatic or 
heteroaromatic ring and their pharmaceutically acceptable acid addition salts are manufactured according to 
embodiments (a), (b), (c) f (d) and/or (n). 

21. A medicament containing an amino acid derivative according to any one of claims 1 to 14 and a 
therapeutically inert excipient. 

22. A medicament for the treatment or prophylaxis of viral infections, containing an amino acid 
derivative according to any one of claims 1 to 14 and a therapeutically inert excipient. 

23. The use of an amino acid derivative according to any one of claims 1 to 14 in the control or 
prevention of illnesses. 

24. The use of an amino acid derivative according to any one of claims 1 to 14 in the treatment or 
prophylaxis of viral infections. 

25. The use of an amino acid derivative according to any one of claims 1 to 14 for the manufacture of a 
medicament for the treatment or prophylaxis of viral infections. 

Claims for the following Contracting State: ES 

1 . A process for the manufacture of compounds of the general formula 



wherein n stands for zero or 1; R* represents alkoxycarbonyl, aralkoxycarbonyl, aikanoyl, cycloaikylcar- 
bonyi, araikanoyl, aroyl. heterocyclylcarbonyl, aikylsulphonyl, arylsulphonyl, monoaraikylcarbamoyl. cin- 
namoyl or a-aralkoxycarbonylamino-aikanoyl and R 2 represents hydrogen or R l and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imide group of the formula 



and/or 




8 



I 
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5 




10 in which P and Q together represent an aromatic system; R 3 represents alkyl, cycloaikyl, aryl, aralkyl, 
heterocyclylalkyl, cyanoalkyl, alkylsulphinylaikyl, carbamoylalkyi or alkoxycarbonylalkyl or, when n stands 
for zero, R 3 can also represent aikylthioalkyl or, when n stands for 1, R 3 can also represent alkylsulphonylal- 
kyl; R* represents alkyl. cycloaikyl, cycloalkylalkyl, aryl or aralkyl; R s represents hydrogen and R 6 
represents hydroxy or R 5 and R 8 together represent oxo; R 7 and R 8 together represent a trimethylene or 

75 tetramethylene group which is optionally substituted by hydroxy, alkoxycarbonylamino or acylamino or in 
which one -CH2- group is replaced by -NH-, -N(alkoxycarbonylh -N(acyl)- or -S- or which carries a fused 
cycloalkane, aromatic or heteroaromatic ring; and R 9 represents alkoxycarbonyl, monoalkylcarbamoyl, 
monoaraikylcarbamoyl, monoarylcarbamoyl or a group of the formula 



20 



-CO CH NH- 



,11 



I 



10 



(b) 



in which R 10 and R 11 each represent alkyl; 

and pharmaceutical^ acceptable acid addition salts thereof, which process comprises 

(a) for the manufacture of a compound of formula I in which n stands for zero, reacting a compound 
30 of the general formula 

R 4 R 7 

I 8 



40 



R V 



wherein R 4 , R s , R 6 , R 7 , R 8 and R 9 have the significance given above, 
with an acid of the general formula 



R 2 



50 



CH COOH 111 



wherein R 1 , R 2 and R 3 have the significance given above, 
55 or a reactive derivative thereof, or 

(b) for the manufacture of a compound of formula I in which n stands for zero, R 5 represents 
hydrogen and R 6 represents hydroxy, reducing a compound of formula I in which n stands for zero and R s 
and R 6 together represent oxo. or 
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(c) for the manufacture of a compound of formula I in which n stands for zero and R 1 represents 
alkanoyl, cycloalkylcarbonyl, aralkanoyl, aroyl, heterocyciylcarbonyl, alkylsulphonyl, arylsulphonyl, cin- 
namoyl or o-aralkoxycarbonylaminoalkanoyl and R 2 represents hydrogen or R 1 and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imlde group of formula (a) given in claim 1, 
reacting a compound of the general formula 



H 2 » N / C ° N J* 
^CH NH 



I? 



CH 2 _„ 
C ^CH 



\ 



I 



IV 



wherein R 3 , R 4 , R 5 , R 6 . R 7 . R 8 and R 9 have the significance given above, 

with an agent yielding an alkanoyl, cycloalkylcarbonyl, aralkanoyl, aroyl, heterocyciylcarbonyl, alkylsul- 
phonyl, arylsulphonyl, cinnamoyl or cr-aralkoxycarbonylamino-alkanoyl group or with an agent forming a 
cyclic imide group of formula (a) given earlier in this claim, or 

(d) for the manufacture of a compound of formula I in which n stands for zero and R 1 represents 
monoaralkylcarbamoyl and R 2 represents hydrogen, reacting a compound of formula IV given earlier in this 
claim with a compound of the general formula 

Ri-N = O,0 V 

wherein R 1 represents aralkyl, 

or 

(e) for the manufacture of a compound of formula I in which R 3 represents alkylsutphinylaikyl and n 
stands for zero, oxidizing a compound of formula I in which R 3 represents alkylthioalkyl and n stands for 
zero, or 

(f) for the manufacture of a compound of formula I in which n stands for 1, oxidizing a compound of 
formula I in which n stands for zero, or 

(g) for the manufacture of a compound Of formula I In which n stands for 1 and R 1 represents an 
aromatic N-heterocyclylcarbonyl N-oxide group and R 2 represents hydrogen, oxidizing a compound of 
formula I in which n stands for 1 and R 1 represents an aromatic N-heterocyclylcarbonyl group and R 2 
represents hydrogen, or 

(h) for the manufacture of a compound of formula I in which n stands for 1 and R 3 represents 
alkylsulphonylalkyi, oxidizing a compound of formula I in which n stands for 1 and R 3 represents 
aikylsulphinylalkyl, or 

(i) for the manufacture of a compound of formula I in which R 1 represents carboxy-substituted aroyl, 
hydroxy-substituted aroyl or hydrocinnamoyl and R 2 represents hydrogen, catalyticaily hydrogenating a 
compound of formula I in which R 1 represents benzyloxycarbonyl-substituted aroyl, benzyloxy-substituted 
aroyl or cinnamoyl and R 2 represents hydrogen, or 

(j) for the manufacture of a compound of formula I in which R 3 represents imidazol-4-yl and/or R 4 
represents hydroxy-substituted aryl or hydroxy-substituted aralkyl and/or R 7 and R 8 together represent a 
trimethylene or tetramethylene group in which one -CH2- group is replaced by -NH-, treating a compound of 
formula I in which R 3 represents 1-(benzyloxycarbonyl)-imidazoh4-yl and/or R 4 represents tertbutoxy- 
substituted aryl or tertbutoxy-substltuted aralkyl and/or R 7 and R 8 together represent a trimethylene or 
tetramethylene group in which one -CH 2 - group is replaced by «N(tert.butoxycarbonyl)- with a strong acid, 
or 

(k) for the manufacture of a compound of formula I in which R 7 and R 8 together represent a 
trimethylene or tetramethylene group which is substituted by acylamino or in which one -CH2- group is 
replaced by -N(acyl)-, acylating a compound of the general formula 
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R 
I 



R 4 



I 



9 



VI 



70 wherein n, R 1 , R 2 , R 3 , R 4 , R 5 , R 6 and R 9 have the significance given above and R 7 and R 8 together 
represent a trimethylene or tetramethylene group which is substituted by amino or in which one -CH 2 - 
group is replaced by -NH-, 
and/or 

(I) if desired, separating a mixture of diastereoisomeric racemates into the diastereoisomeric 
15 racemates or optically pure diastereoisomers, and/or 

(m) if desired, separating a mixture of diastereoisomers into the optically pure diastereoisomers, 

and/or 

(n) if desired, converting a compound of formula I obtained into a pharmaceutical^ acceptable acid 
addition salt 

20 

2. A process according to claim 1, wherein compounds of formula I wherein n stands for zero, R 3 
represents alkyl. cycloalkyl. aryl, aralkyi, heterocyciylalkyl, cyanoalkyl, alkylthioalkyl, carbamoylalkyl or 
alkoxycarbonylalkyl and R 7 and R 8 together represent a trimethylene or tetramethylene group in which one 
-CH2- group can be replaced by -NH- or -S- or which can carry a fused cycloalkane, aromatic or 

25 heteroaromatic ring and their pharmaceutically acceptable acid addition salts are manufactured according to 
embodiments (a), (b), (c), (d) and/or (n). 

3. A process according to claim 1 or claim 2, wherein R 1 represents alkoxycarbonyl, araikoxycarbonyl, 
alkanoyl. cycloalkylcarbonyl, aralkanoyl, aroyl. heterocyclylcarbonyl or a-araikoxycarbonylamino-alkanoyl, 
preferably benzyloxycarbonyl, 2-naphthoyl, 1 -hydroxy-2-naphthoyl, 3-hydroxy-2-naphthoyl, 3-benzyloxy-2- 

30 naphthoyl, 2-quinolylcarbonyl or 3-quinolylcarbonyl, and R 2 represents hydrogen. 

4. A process according to any one of claims 1 to 3, wherein R 3 represents alkyl, cyanoalkyl, 
alkylthioalkyl or carbamoylalkyl, preferably cyanomethyl, methylthiomethyl or carbamoylmethyl. 

5. A process according to any one of claims 1 to 4, wherein R 4 represents aralkyi, preferably benzyl. 

6. A process according to any one of claims 1 to 5, wherein R 5 represents hydrogen and R s represents 
35 hydroxy. 

7. A process according to any one of claims 1 to 6, wherein -N(R 7 )-CH(R 8 )(R 9 ) represents one of the 
following groups 



40 



45 



50 



55 
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,12 



10 



15 



20 



25 



30 



35 



40 



45 



(c) 



• - 9 



(e) 




-p- 



.13 



and 



(i) 



R s 



(d) 



(f) 




I I 



so 



56 



wherein R 9 has the significance given in claim 1, R 12 represents hydrogen, hydroxy, alkoxycarbonylamino 
or acylamino, R 13 represents hydrogen, alkoxycarbonyl or acyl, m stands for 1 or 2 and p stands for 1 or 2, 
preferably a group of formula (c) in which R 12 represents hydrogen and m stands for 2 or R 12 represents 
tert butoxycarbonylamino and m stands for 1. a group of formula (d) in which R 13 represents 
tertbutoxycarbonyl. a group of formula (e) in which m stands for 1, a group of formula (f) in which m and p 
both stand for 1 or a group of formula (g), (i) or (j). 
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8. A process according to any one of claims 1 to 7, wherein R 9 represents aikoxycarbonyi, monoaikyl- 
carbamoyl or a group of formula (b) given in claim 1, preferably tertbutoxycarbonyl, isobutylcarbamoyl, 
tertbutylcarbamoyl or a group of formula (b) given in claim 1 in which R 10 represents sec.butyl and R 11 
represents isobutyl. 

9. A process according to any one of claims 1 to 8, wherein R 1 represents benzyloxycarbonyl, 2- 
naphthoyl. 1-hydroxy-2-naphthoyl. 3-hydroxy-2-naphthoyl, 3«benzyloxy-2-naphthoyl, 2-quinolylcarbonyl or 3- 
quinoiylcarbonyl and R 2 represents hydrogen, R 3 represents cyanomethyl, methylthiomethyl or carbamoyl- 
methyl, R* represents benzyl, R s represents hydrogen and R 6 represents hydroxy and -N{R 7 )-CH(R 8 )(R 9 ) 
represents a group of formula (c) given in claim 7, in which R 12 represents hydrogen and m stands for 2 or 
R 12 represents tertbutoxycarbonylamino and m stands for 1, a group of formula (d) given in claim 7 in 
which R 13 represents tertbutoxycarbonyl, a group of formula (e) given in claim 7 in which m stands for 1 t a 
group of formula (f) given in claim 7 in which m and p both stand for 1 or a group of formula (g), (i) or (j) 
given in claim 7 and R 9 represents tertbutoxycarbonyl, isobutylcarbamoyl, tertbutylcarbamoyl or a group of 
formula (b) given in claim 1 in which R 10 represents sec.butyl and R 11 represents isobutyl. 

10. A process according to claim 1, wherein N-tertbutyl 1-[2(R)-hydroxy-4-phenyl-3(S>[[N-(2-quinolyl- 
wbonyl)-L-asparaginyl]amino]butyl]-2(S)-piperidinecarboxamide is prepared. 

11. A process according to claim 1, wherein N-tertbutyl-octahydro-1-[2(R)-hydroxy-4-phenyl-3(S)-[tN-(2- 
quinolylcaifconyl)-L-asparaginyl^ '$ prepared. 

12. A process according to claim 1, wherein N-tert.Butyl-1,2,3,4-tetrahydro-2-[2(R)-hydroxy-4-phenyl-3- 
(SH[N-(2-quinolylcarbonyl)-L-asparaginyl]amino]butyl]pyrido[3,4-b]indole-1(R or S)-carboxamide is pre- 
pared. 

13. The use of an amino acid derivative of formula I set forth in claim 1 or a pharmaceutical^ 
acceptable acid addition salt thereof for the manufacture of a medicament for the treatment or prophylaxis 
of viral infections. 



Claims for the following Contracting State: GR 

1. A process for the manufacture of compounds of the general formula 



R 2 R 4 ^n/? 



R' 



wherein n stands for zero or 1; R 1 represents aikoxycarbonyi, aralkoxycarbonyl, alkanoyl, cycloalkylcar- 
bonyl, araikanoyl. aroyl, heterocyclylcarbonyl. alkylsulphonyl, arylsuiphonyl, monoaraikylcarbamoyl, cin- 
namoyl or a-aralkoxycarbonylamlno-alkanoyl and R 2 represents hydrogen or R 1 and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imide group of the formula 




O 



in which P and Q together represent an aromatic system; R 3 represents alkyl, cycioalkyl, aryl. araikyl, 
heterocyclyialkyl. cyanoalkyl. alkylsulphinyialkyl, carbamoylaikyl or alkoxycarbonylaikyl or, when n stands 
for zero, R 3 can also represent aikylthioaikyl or, when n stands for 1, R 3 can also represent alkylsulphonylai- 
kyl; R* represents alkyl, cycioalkyl, cycloalkylalkyl, aryl or araikyl; R 5 represents hydrogen and R s 
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represents hydroxy or R s and R 6 together represent oxo; R 7 and R 8 together represent a trimethylene or 
tetramethylene group which is optionally substituted by hydroxy, alkoxycarbonylamino or acylamino or in 
which one -CH2- group is replaced by -NH-, -N(alkoxycarbonyl)- f -N(acyl)- or -S- or which carries a fused 
cycioalkane, aromatic or heteroaromatic ring; and R 9 represents alkoxycarbonyl, monoalkylcarbamoyl, 
5 monoaralkylcarbamoyl, monoarylcarbamoyl or a group of the formula 



NH / C °\ 

- eo f hh — r11 < b) 

in which R 10 and R 11 each represent alky I; 
15 and pharmaceutical^ acceptable acid addition salts thereof, which process comprises 

(a) for the manufacture of a compound of formula I in which n stands for zero, reacting a compound 
of the general formula 



CH .CH, N R 



R 5 ^ V * 



II 



wherein R*. R s , R 6 , R 7 , R 8 and R 9 have the significance given above, 
with an acid of the general formula 

30 

35 \ 

CH COOH HI 

i 3 



wherein R 1 , R 2 and R 3 have the significance given above, 
or a reactive derivative thereof, or 

(b) for the manufacture of a compound of formula I in which n stands for zero, R 5 represents 
hydrogen and R 6 represents hydroxy, reducing a compound of formula I in which n stands for zero and R 5 
and R 8 together represent oxo, or 

(c) for the manufacture of a compound of formula I in which n stands for zero and R 1 represents 
alkanoyl, cycloalkylcarbonyl, aralkanoyl, aroyl, heterocyclylcarbonyl, alkylsulphonyl, arylsulphonyl, cin- 
namoyl or a-aralkoxycarbonylaminoalkanoyl and R 2 represents hydrogen or R 1 and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imide group of formula (a) given earlier in this 
claim, reacting a compound of the general formula 



55 



64 



BP 0 346 847 A2 




wherein R 3 , R 4 , R s . R 6 , R 7 , R 8 and R 9 have the significance given above, 

with an agent yielding an alkanoyl. cycloalkylcarbonyl. aralkanoyl. aroyl, heterocyclylcarbonyi, alkylsul- 
phonyl, arylsulphonyl, cinnamoyl or a-araikoxycarbonylamino-aikanoyl group or with an agent forming a 
cyclic imide group of formula (a) given earlier in this claim, or 

(d) for the manufacture of a compound of formula I in which n stands for zero and R 1 represents 
monoaraikyicarbamoyl and R 2 represents hydrogen, reacting a compound of formula IV given earlier in this 
claim with a compound of the general formula 

Rt -n = C=,0 V 

wherein R 1 represents aralkyl, 

or 

(e) for the manufacture of a compound of formula I in which R 3 represents alkylsulphinylalkyl and n 
stands for zero, oxidizing a compound of formula I in which R 3 represents alkylthioalkyl and n stands for 
zero, or 

(f) for the manufacture of a compound of formula I in which n stands for 1, oxidizing a compound of 
formula I in which n stands for zero, or 

(g) for the manufacture of a compound of formula i in which n stands for 1 and R 1 represents an 
aromatic N-heterocyclylcarbonyl N-oxide group and R 2 represents hydrogen, oxidizing a compound of 
formula I in which n stands for 1 and R 1 represents an aromatic N-heterocyclylcarbonyl group and R 2 
represents hydrogen, or 

(h) for the manufacture of a compound of formula I in which n stands for 1 and R 3 represents 
alkylsulphonylaikyl, oxidizing a compound of formula I in which n stands for 1 and R 3 represents 
alkylsulphinylalkyl, or 

(i) for the manufacture of a compound of formula I in which R T represents carboxy-substituted aroyl, 
hydroxy-substituted aroyl or hydrocinnamoyi and R 2 represents hydrogen, catalytically hydrogenating a 
compound of formula I in which R 1 represents benzyloxycarbonyl-substituted aroyl, benzyloxy-substituted 
aroyl or cinnamoyl and R 2 represents hydrogen, or 

(j) for the manufacture of a compound of formula I in which R 3 represents imidazol-4-yl and/or R 4 
represents hydroxy-substituted aryl or hydroxy-substituted aralkyl and/or R 7 and R 8 together -represent a 
trimethylene or tetramethylene group in which one -CH 2 - group is replaced by -NH-, treating a compound of 
formula I in which R 3 represents 1-(benzyloxycarbonyl)-imidazol-4-yl and/or R 4 represents tertbutoxy- 
substituted aryl or tertbutoxy-substituted aralkyl and/or R 7 and R 8 together represent a trimethylene or 
tetramethylene group in which one -CH 2 - group is replaced by -N(tertbutoxycarbonyl)- with a strong acid, 
or 

(k) for the manufacture of a compound of formula I in which R 7 and R 8 together represent a 
trimethylene or tetramethylene group which is substituted by acylamino or in which one -CH2- group is 
replaced by -N(acylh acylating a compound of the general formula 



wherein n. R\ R 2 R 3 R 4 , R s , R e and R 9 have the significance given above and R 7 and R 8 together 
represent a trimethylene or tetramethylene group which is substituted by amino or in which one -CH 2 - 
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group is replaced by -NH-, 
and/or 

(1) if desired, separating a mixture of diastereoisomeric racemates into the diastereoisomeric 
racemates or opticaiiy pure diastereoisomers, and/or 

(m) if desired, separating a mixture of diastereoisomers into the optically pure diastereoisomers, 

and/or 

(n) if desired, converting a compound of formula I obtained into a pharmaceuticaJly acceptable acid 
addition sail . 

2. A process according to claim 1, wherein compounds of formula I wherein n stands for zero, R 3 
represents aikyl, cycloaikyl, aryl, aralkyl, heterocyclylalkyl, cyanoaikyl, aikyithioalkyl, carbamoylalkyl or 
alkoxycarbonylaikyl and R 7 and R 8 together represent a trimethylene or tetramethylene group in which one 
-CH 2 - group can be replaced by -NH- or -S- or which can carry a fused cycioalkane, aromatic or 
heteroaromatic ring and their pharmaceutical^ acceptable acid addition salts are manufactured according to 
embodiments (a), (b), (c), (d) and/or (n). 

3. A process according to claim 1 or claim 2, wherein R' represents aikoxycarbonyl, aralkoxycarbonyl, 
alkanoyi, cycloalkylcarbonyl, araikanoyi, aroyl, heterocyclylcarbonyl or craralkoxycarbonylamino-alkanoyl, 
preferably benzyloxycarbonyl, 2-naphthoyl, 1-hydroxy«2-naphthoyl, 3-hydroxy-2-naphthoyl, 3-benzyloxy-2- 
naphthoyl, 2-quinoiylcarbonyl or 3-quinolylcarbonyl, and R 2 represents hydrogen. 

4. A process according to any one of claims 1 to 3, wherein R 3 represents alky!, cyanoaikyl, 
aikyithioalkyl or carbamoylalkyl, preferably cyanomethyl, methylthiomethyl or carbarnoylmethyl. 

5. A process according to any one of claims 1 to 4, wherein R 4 represents aralkyl, preferably benzyl. 

6. A process according to any one of claims 1 to 5, wherein R 5 represents hydrogen and R 5 represents 
hydroxy. 

7. A process according to any one of claims 1 to 6, wherein -N(R 7 )-CH(R 8 )(R 9 ) represents one of the 
following groups 
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wherein R 9 has the significance given in claim 1, R 12 represents hydrogen, hydroxy, alkoxycarbonylamino 
or acylamino. R 13 represents hydrogen, alkoxycarbonyl or acyl, m stands for 1 or 2 and p stands for 1 or 2 t 
preferably a group of formula (c) in which R 12 represents hydrogen and m stands for 2 or R 12 represents 
tert butoxycarbonylamino and m stands for 1, a group of formula (d) in which R 13 represents 
tertbutoxycarbonyl. a group of formula (e) in which m stands for 1, a group of formula (0 in which m and p 
both stand for 1 or a group of formula (g), CO or Q). 
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8. A process according to any one of claims 1 to 7, wherein R 9 represents alkoxycarbonyl. monoalkyl- 
carbamoyl or a group of formula (b) given in claim 1, preferably tertbutoxycarbonyl, isobutylcarbamoyl, 
tertbutylcarbamoyl or a group of formula (b) given in claim 1 in which R 10 represents sec.butyl and R 11 
represents isobutyl. * 

9. A process according to any one of claims 1 to 8. wherein R 1 represents benzyloxycarbonyi, 2- 
naphthoyl. 1-hydroxy-2-naphthoyl, 3-hydroxy-2 naphthoyl, 3-benzyloxy-2«naphthoyl, 2-quinolylcarbonyl or 3- 
quinolylcarbonyl and R 2 represents hydrogen, R 3 represents cyanomethyi, methylthiomethyl or carbamoyl- 
methyl, R* represents benzyl, R 5 represents hydrogen and R 6 represents hydroxy and «N(R 7 )-CH(R 8 )(R 9 ) 
represents a group of formula (c) given in claim 7, in which R 12 represents hydrogen and m stands for 2 or 
R 12 represents tertbutoxycarbonylamino and m stands for 1, a group of formula (d) given in claim 7 in 
which R 13 represents tertbutoxycarbonyl, a group of formula (e) given in claim 7 in which m stands for 1, a 
group of formula (f) given in claim 7 in which m and p both stand for 1 or a group of formula (g), fi) or (j) 
given in claim 7 and R 9 represents tertbutoxycarbonyl, isobutylcarbamoyl, tertbutylcarbamoyl or a group of 
formula (b) given in claim 1 in which R 1Q represents sec.butyl and R 11 represents isobutyl. 

10. A process according to claim 1, wherein N-tertbutyl 1-{2(R)-hydroxy-4-phenyl-3(S)-[[N-(2-quinolyl- 
carbonyl)-L-asparaginyl]amino]butyl]-2(S)-piperidinecarboxamide is prepared. 

11. A process according to claim 1, wherein N-tert.butyl-octahydro-1-[2(R)-hydro 
quinolylc^bonyl)-L-asparaginyi]am^ is prepared. 

12. A process according to claim 1, wherein N-tert.Butyl-1,2,3,4-tetrahydro-2-[2(R)-^^ 
(S)-[[N-(2-quinolylcarbonyl)-L^ or S)-carboxamide is pre- 
pared. 

13. A process for the manufacture of a medicament, particularly to be used in the treatment or 
prophylaxis of viral infections, which process comprises bringing an amino acid derivative of formula I set 
forth in claim 1 or a pharmaceutical^ acceptable acid addition salt thereof into a galenical dosage form. 

14. Compounds of the general formula 



R3 represents alkyl, cycloalkyl, aryl, aralkyl, heterocyclylalkyl, cyanoalkyl, alkylthioalkyl, alkylsulphinylalkyl, 
carbamoylalkyl or alkoxy carbonyialkyl; R* represents alkyl, cycloalkyl, cycloafkylaikyl, aryl or aralkyl; R 5 
represents hydrogen and R 6 represents hydroxy or R s and R 6 together represent oxo; R 7 and R 8 together 
represent a trimethylene or tetramethylene group which is optionally substituted by hydroxy, aikoxycar- 
bonylamino or acyiamino or in which one -CH 2 - group is replaced by -NH-, -N(alkoxycarbonyl)-, -N(acyl)- or 
-S- or which carries a fused cycloalkane, aromatic or heteroaromatic ring; and R 9 represents alkoxycar- 
bonyl, monoalkylcarbamoyl, monoaralkylcarbamoyl, monoarylcarbamoyi or a group of the formula 




wherein R represents hydrogen or the group 





NH 



CO, 



(b) 
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in which R 10 and R 11 each represent alkyi. 
15. Compounds of the general formula 



10 



5 




VI 



wherein n stands for zero or 1; R 1 represents alkoxycarbonyLaralkoxycarbonyl, alkanoyl, cycloalkylcarbonyl. 
aralkanoyl, aroyl, heterocyclylcarbonyl, alkylsulphonyl, arylsulphonyl, monoaralkylcarbamoyl, cinnamoyl or 
15 o-aralkoxycarbonylamino-alkanoyl and R 2 represents hydrogen or R' and R 2 together with the nitrogen atom 
to which they are attached represent a cyclic imide group of the formula 



in which P and Q together represent an aromatic system; R 3 represents alkyi, cycloalkyi, aryl, araJkyl, 
heterocyclylaikyl, cyanoalkyl, alkylsulphinylalkyl, carbamoylaikyl or alkoxycarbonylalkyl or, when n stands 
for zero, R 3 can also represent alkylthioalkyl or, when n stands for 1 , R 3 can also represent alkylsulphonylal- 
kyl; R* represents alkyi, cycloalkyi, cycloalkylalkyl, aryl or aralkyl; R s represents hydrogen and R 6 
represents hydroxy or R 5 and R 6 together represent oxo; R 7 and R 8 together represent a trimethylene or 
tetramethylene group which is substituted by amino; and R 9 represents alkoxycarbonyl, monoalkylcar- 
bamoyl, monoaralkylcarbamoyl, monoarylcarbamoyl or a group of the formula 



20 



25 




40 




(b) 



in which R 10 and R 11 each represent alkyi. 
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